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Abstract
University campuses generate and attract trips with unique characteristics. Most
universities are constantly challenged by the parking congestion issues. To manage campus
parking infrastructure, most universities have established parking departments. This department is
referred as the University Parking Office (UPO) in this dissertation. There is no methodology or
tool to assist the UPOs in their decision-making process. This dissertation focuses on student
parking and has developed models and methodologies as decision support tools to assist UPOs in
managing student parking on campuses.
This dissertation answers six Research Questions related to parking management on
university campuses: (1) How many students are expected to buy parking permits in an academic
year? (2) What is a reasonable “base” price for an annual student parking permit? (3) How should
the parking lots be grouped into different student parking zones and what should be the annual
student permit prices for these zones? (4) If the student parking zones and annual student permit
prices have been decided, how many students are expected to park in each zone? (5) If the class
schedule of the future semester has been fixed but students have not registered for the courses,
how to estimate the temporal variation of student parking demand in each zone? (6) How should
the performance of a university campus parking system in serving its students be evaluated? To
answer each of these questions, new methods or methodologies have been proposed in
corresponding Chapters of this dissertation.
The responses to the first and second Research Questions resulted in a total (student
parking permit) demand model and a (student parking permit) base permit price model, both
developed using regression analyses based on the data gathered from 208 university campuses. A
parking survey was conducted to gather data from 1022 students necessary for the development of
models and methodologies to answer to Research Questions three to six. The third Research
Question has led to the development of the Zoning and Zone Permit Pricing (Z2P2) model, which
incorporates the concept of the value of time. To answer the fourth Research Question, two discrete
choice models have been constructed to predict the probabilities of student parking in various
zones. A methodology based heavily on the class schedule has been proposed to provide answers
to the fifth Research Question which is to estimate the hourly occupancy variations in a parking
lot. In response to the last Research Question, the average search time for a parking stall has been
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selected as the performance measure of a parking lot and Level of Service (LOS) criteria proposed
and tested.
All models and methodologies developed in this dissertation can be implemented by any
UPO in the United States.
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Chapter 1: Introduction
1.1: The Importance of Parking
Since every vehicle trip is associated with parking at the trip origin and the destination,
parking facilities are considered as important infrastructure components of the highway
transportation systems. According to the survey conducted by the American Automobile
Association (AAA, 2017), the average time a vehicle spent traveling on roadways was 48.2
minutes/day. For the rest of the day, this vehicle is parked in a stall. As a vehicle spends an average
of more than 96% of the day occupying a stall, an extensive amount of land is necessary to meet
parking need. According to Inci et al. (2014), in the United States, parking lots take up more land
area than the State of Massachusetts. A more recent study (Scharnhorst, 2018) has found that, in
Philadelphia, Seattle, Des Moises, and Jackson, parking density (parking stalls per acre) is twice
as much as the population density (persons per acre).
One of the major issues related to parking is the lack of information about the infrastructure
inventory (i.e., location of stalls). In the United States, no city has collected or maintained a
comprehensive database of its parking supply including privately owned stalls within its city limit
(Shoup, 2017). Consequently, the national estimate is made based on simple extrapolations from
the population statistics. One of the best estimates made by Chester (2011) states that the number
of parking stalls in the United States ranges from 722 million to two billion. Such data is not useful
for any city to manage its parking issues.
1.2: Parking on University Campuses
1.2.1: The Campus Congestion Problem
University campuses are traffic analysis zones with unique trip generation and trip
attraction rates. A university campus houses different types of facilities such as classrooms,
laboratories, offices, libraries, dormitories, auditoriums, sports venues, etc. These infrastructures
attract different types of users with different trip characteristics (in terms of mode, frequency,
arrival and departure times) which generate different parking demands.
Most universities are challenged by having limited land resources to serve an increasing
number of students, faculty members, and staff. Because of the complexity of land-use and the trip
characteristics of customers they serve, universities usually have a campus master plan, which
1

includes strategies to manage parking (Isler et al, 2005). The number of stalls allocated for parking
in the master plan may be sufficient to meet that the parking demand of faculty, staff, students and
visitors in the initial years. However, as the student enrollment continues to grow, the limited land
space on campus is usually used to build new classrooms, offices and laboratories, i.e., the
infrastructures that are deemed more important to serve the mission of the university, rather than
parking facilities. The insufficient supply of parking stalls to meet the user's demand has created
the parking congestion problem on university campuses.
Parking is an attribute (factor) in the trip destination and mode choice decision-making
processes. Therefore, access to parking is a factor that determines if and how users come to a
university campus. On the other hand, because most of the campus users have their own fixed class
or work schedule, the parking demand is relatively inelastic with respect to time-of-day and dayof-week. However, the demand for parking stalls can still be managed by a combination of parking
prices and by providing alternative modes of transportation, i.e. shifting users’ mode choices from
driving private vehicles to taking public transportation, carpool, etc. Another approach to solve the
campus parking congestion problem is to tackle the supply of parking infrastructure; that is,
implementing policies for better control of parking stall usage, and use ITS to make the stall usage
more efficient.
The difficulty of finding a parking spot not only contributes to traffic congestion within a
parking lot (or garage) but also the surrounding streets. Therefore, the parking congestion program
contributes to and is part of the campus congestion problem.
1.2.2: Users and Trip Characteristics
A typical university campus attracts different types of users (Shoup, 2005), and each has
its own trip characteristics:


Students: Students form the largest group of users. Therefore, any study related to campus
parking issue should start with student parking. Considering students, it is important to
distinguish between Resident-Students (RS) and Commuter-Students (CS). RS lives in campus
housing. CS live off-campus. Not all the RS and CS own vehicles. RS who drive to campus
usually park their vehicles at the residence hall’s parking lots and then use other modes of
transportation (such as walking, bicycling and campus shuttle bus) to go to classes. Parking
lots for RS have high occupancies and low turnover rates. CS may drive or use other modes to
travel to campus. The trip characteristics and parking stall usage of students depend mainly on
2

their class schedules. Full-time CS come to campus almost every weekday, but their arrival
and departure times have some degree of flexibility. Part-time CS come to campus only when
they have classes, usually one to three times a week and/or in the evening. Researcher CSs
tend to arrive early in the morning and leave late in the evening of every weekday.


Staff: University staff tend to follow a fixed schedule, typically 8:00 a.m. to 5:00 p.m., from
Monday to Friday.



Faculty members: University faculty members have flexible work hours. Their day and time
of arrivals and departures are the least predictable compared to others.



Visitors: Visitors may be classified into two sub-types: occasional visitors and special event
attendees. Occasional visitors are relatively few and those who drive usually use “paid-by-thehour” parking stalls. Special event attendees are those who come to sports and cultural events.
They usually pay a flat parking fee per event.
The trip characteristics of RS and CS who drive and park on campus may be analyzed by

different time resolutions, e.g., by academic year, season (semester), day-of-week, and/or time-ofday. The academic may or may not include summer. The seasonal fluctuation in parking demand
of RS and CS follows the university’s academic calendar. The day-of-week and time-of-day
demand patterns follow the class schedule. Most universities have the same class schedule for
Monday and Wednesdays, or Monday, Wednesday and Friday; and another class schedule on
Tuesday and Thursday. A student ideally arrives on campus a few minutes to an hour before the
beginning of the first class of the day and may leave as soon as the last class of the day is dismissed.
The additional time needed to find an empty parking stall may force a student to adjust his/her
arrival time to reach campus much earlier.
1.2.3: Parking Management
Every university has a parking department responsible for the management of its campus
parking infrastructure. This department is referred as the University Parking Office (UPO) in this
dissertation. The common solutions used by UPOs to manage the parking congestion problem
include capacity expansion (construction of more stalls to increase the supply of parking inventory)
and demand management (e.g., permit pricing and encourage the use of alternative modes). Some
of them are long-term strategies; others are short-term policies that have immediate impacts on
parking operations. Many UPOs turn to Intelligent Transportation Systems (ITS) as a tool to cope
with the parking congestion problem (Cheu et al., 2018). Another commonly used policy is zoning.
3

Zoning is essentially the differentiation of the market demands (different types of users) and
spatially and temporally partitions the limited supply of stalls to serve the different types of users
(Delmelle and Delmelle, 2012). Zoning is always implemented by the sales of a limited number
of permits for each zone, at a price that deters the demand.
A university has many parking lots spread across the campus. The parking lots are usually
identified by numbers and types of permits vehicles are allowed to park. The lots that are at the
inner core of the campus are usually reserved for faculty members and staff, and the permits are
priced much higher. Parking lots at campus housing facilities are reserved only for RS. The lots at
the fringe of the campus are usually designated for CS and are priced lower. The parking permits
for each type of user may further be divided into different price categories based on the locations,
days and time windows.
UPOs have full-time university employees to manage the parking facilities and implement
policies. Very few universities contract private companies to manage campus parking (Cheu et al,
2018). Some UPOs also manage/operate campus shuttle bus service. Every academic year or
semester, UPOs review campus parking policies such as zoning of parking lots, determining the
types of permits to sell, the quantity of each type of permit, permit prices, and enforcement
practices (such as types of violations and their fines). The policy decisions are guided by an
oversight committee (with representatives from the end-users) and university management (Isler
and Hoel, 2004).
To the UPOs, the combination of zoning, parking permit and permit price is currently the
most effective approach to manage the parking congestion problem. In this approach, one or
several adjacent parking lots are designated as a zone. A parking zone has a fixed capacity (number
of stalls). It serves holders of only one type of permit. The UPO makes decisions on the number
of permits to put up for sales and set the price. It may decide to sell permits at a socially and
administratively acceptable price. However, the UPO may sell more permits than the number of
parking stalls in a zone. This practice is based on the assumption that not all permit holders need
to park their vehicles in this zone every weekday at the same hours.
In practice, the parking management problem is more complex because the market and
the products are not homogeneous, i.e., a campus has multiple types of users who are eligible to
purchase from multiple types of permits that allow them to park at certain designated lots (each
with its own capacity). The demands from the same type of users at different lots are linked. For
4

example, an increase/decrease in the permit price of one lot will lower/increase the demand for
stalls of that lot which will also divert/attract the demands to/from other lots.
The above issues, combined with difficulty in obtaining data from universities, are likely
the major obstacles that have limited the research on university campus parking. Very few
universities have performed parking studies on their campuses (Boamah, 2013; Guo et al., 2013;
Isler et al., 2005; Kaplan, 2015; Krueger, 2008; McTish et al., 2016; Moradkhany et al., 2015
Proulx et al., 2014; Riggs, 2014; Shoup, 2008; and Sultana, 2015). Other studies are related to
parking search, occupancy, and location choice are for stalls not in the university environment.
Those will be discussed in the literature review.
In summary, because of the low level of research activities, UPOs have no model and
methodology that can help them to make policy decisions. This dissertation focuses on student
parking and will develop models and methodologies as decision support tools to assist UPOs to
manage student parking on campuses.
1.3: Research Questions
This dissertation focuses on student parking on university campuses. There are six
Research Questions that this dissertation aims to answer:
1. On a university campus, how many students are expected to buy parking permits in an
academic year?
2. What is a reasonable “base” price for an annual student parking permit? The base price is
the campus-wide reference price from which a differential price is added or subtracted to
arrive at the recommended selling price of student parking permits in a zone.
3. How should the parking lots on campus be grouped into different student parking zones and
what should be the annual student permit prices for these student parking zones?
4. If the student parking zones and annual student permit prices have been decided, how many
students are expected to park in each zone?
5. If the class schedule of the future semester has been fixed but students have not registered for
the courses, how to estimate the temporal variation of student parking demand in each zone?
6. How should the performance of a university campus parking system in serving its students be
evaluated?

5

The first two questions will be answered in Chapter 4. Each of the rest of the questions will
be answered in Chapters 5, 7, 8, and 9, respectively. Furthermore, the literature reviewed for each
Research Question will be explained in detail in Chapter 2.
1.4: Outline of the Dissertation
This dissertation is organized as follows. After this introduction, issues related to the
university campus parking are reviewed. This is followed by a research plan and a brief
introduction to the methodologies. Models and methods selected for each model are described in
its own Chapter. The next Chapters, which are the most important Chapters of this dissertation,
answer the six Research Questions, which includes a students survey. This dissertation concludes
by highlighting the findings, limitations, and contributions of this research.

6

Chapter 2: Review of University Campus Parking
2.1: Chapter Introduction
This chapter summarizes the university campuses’ parking system based on the literature
reviewed. The purpose of this chapter is to provide background on the operations of the university
parking systems, its issues, potential solutions, and research gaps. It is from these reviews that the
six Research Questions were identified. This chapter has ten technical sub-sections covering the
campus parking facilities users and their trip characteristics, UPOs and their roles, the most
commonly used management policies in campus parking: zoning, sales of permits and permit price,
use of parking stall search time as the Level of Service (LOS) criteria, roles of transit services, ITS
in university campus parking, and other innovative parking management strategies. Although the
emphasis is on university campus parking, information from other parking systems that are useful
for university campuses was reviewed as well.
2.2: Users and Trip Characteristics
A university campus houses different types of facilities such as classrooms, laboratories,
offices, libraries, dormitories, dining halls, auditoriums, sports venues, and etc., like a small city
(Shoup, 2017). These infrastructures attract different users such as students, faculty members,
staff, and visitors, each with its unique trip characteristics (frequency, arrival and departure times)
which generate different parking demands.
University campuses are traffic analysis zones with unique trip generation and trip
attraction rates. The estimation of parking demand is a very complex subject because the demand
is affected by many more variables than simple statistics suggest. The Institute of Transportation
Engineers (ITE) Parking Generation Handbook (ITE, 2005) relates parking demand to some
measurable factors such as the size of the study site, occupancy of the site, density and charges for
parking. There were only eight suburban and three urban campuses in the ITE parking generation
database that were used to develop the parking demand models. The average parking demand rates
at the suburban and the urban sites were:
 At suburban campuses: 0.33 stalls per students, faculty, and staff;
 At urban campuses: 0.22 stalls per student, faculty, and staff.

7

In an academic semester, the demand for parking fluctuates with time-of-the-day and dayof-the-week. Parking demand for students depends heavily on their class schedule. The class
schedule has an impact on the arrival and departure rates of vehicles at parking lots. It appears that
the class schedule has the potential to be used as a tool to ease the parking congestion problem on
campuses. Examples are stagger class start and end times and avoid scheduling too many large
classes to start and end at the same time. However, for a university with large enrollment and
limited resources, efficient use of classroom space usually takes priority than parking availability.
There are many constraints that limit the use of the class schedule to solve parking congestion on
campuses. Moradkhany et al. (2015) showed that with proper class schedule adjustments, the
parking demand at University of Akron could be distributed more evenly over different hours in a
day, resulting in an average saving of 20% in parking search time.
In a university campus that has multiple parking lots, the analysis of demand-supply
interaction is made more complex by the fact that the parking demand depends on the type of users
(students, faculty, staff, visitors), time (hour in a day) and location (of parking lots). The supply
may also depend on the time and location (by policies that determine who are permitted to park at
certain lots at a certain time). Therefore, the parking congestion on university campuses can be
considered as a spatial and temporal problem, so are its solutions.
2.3: University Parking Offices and Their Roles
Most universities have a UPO with dedicated staff responsible for the management of
parking facilities. However, there are some campuses where the university police departments are
in charge of parking. Michigan State University (MSU, 2019), Brigham Young University (BYU,
2019), California State University at Northridge (CSUN, 2019), Central Michigan University
(CMY, 2019), and Louisiana Tech University (LATECH, 2019) are a few of such examples. On
the other hand, Ohio State University (CampusParc, 2019), California State University at East Bay
(Parking Management Bureau, 2019), and Eastern Michigan University (EMU, 2019), engaged
private companies to manage their parking facilities.
In parking management, the supply of parking stalls not only refers to the provision of
physical space of the stalls but also includes the policies that control who can use the stalls at what
time and at what price.

8

2.4: The Costs of Parking
The easiest way to handle the increasing parking demand is to build new parking stalls, for
example, multi-story parking garages. The construction costs are: (i) $1,000 to $3,000 per stall in
an open surface parking lot; (ii) $8,000 to $15,000 per stall in a multi-story parking structure; and
(iii) $20,000 to $30,000 per stall in an underground parking garage (ITE, 2005). These values are
in 2005 dollars. The current costs after adjusting for inflation are expected to be higher. In 2018,
the University of Massachusetts at Boston finished building a new parking garage, with a capacity
of 1,400 parking spaces that cost $70 million (UMB, 2018).
On the other hand, the Traffic Engineering Handbook (Wolshon and Pande, 2016)
summarized the typical annual cost to operate a parking facility. For an open surface parking lot,
the annual operating cost was between $600 to $1,320 per stall. For a multistory parking structure,
the annual operating cost was between $2,040 and $3,360 per stall. In another study, Kenney
(2004) calculated that, for every 1,000 parking spaces, universities spend $400,000 per year for
the maintenance and operations of a surface parking lot and more than $1.2 million for a parking
garage.
The UPO’s income typically comes from three sources: permit sales, visitors parking, and
citations. Permit sales is the major source of income for UPOs. For example, Texas A&M
University (TAMU, 2018) and George Mason University (GMU, 2016) rely on permit sales to rise
58% and 60% of their incomes, respectively. At California State University at Long Beach, this
income proportion increases to 75% (CSULB, 2018). At Texas Tech University, this fraction is
even higher, at 80% (TTU, 2018). At George Mason University, the UPO’s annual revenue was
$17.3 million in 2016, of which $10.3 million (60%) comes from the permit sales, $3.1 million
from visitor parking, $0.7 million is from the citations and the rest is from student fees. At
California State University at Long Beach, in the academic year 2016-17, its UPO had a total
income of $11.0 million, in which $8.3 million (75%) was from the permit sales and visitors
(CSULB, 2018). At Texas Tech University, in 2016, 80% of the $6.4 million total revenue came
from permit sales and visitor payments (TTU, 2018). In public universities, UPOs are self-funding
units which means that income from tuition and state budget cannot be used for the university
parking expenses. The universities often have to pay for the construction cost as much as possible
using building development fund. The construction of a new parking facility is a long-term solution
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to increase the parking supply. In the short-term, zoning, sales of a limited number of permits and
permit pricing are the most common tools used by UPOs to moderate the parking demand.
2.5: Zoning and Permits
Zoning
Universities have many parking lots that spread across the campuses. The parking lots are
usually identified by numbers or codes, and the types of permit holders who are allowed to park.
This practice is called zoning. In managing a limited supply of parking lots (each has a finite stall
capacity), zoning and assigning permits to zones is a key solution (Zhang et al., 2011). UPOs
generally group parking lots into different zones according to the proximity of the lots to the
campus core. In this zoning system, permit holders can only park at the assigned lots written on
their permits.
It is also important to inform the permit holders about the zones, the type of permits that
are allowed to park, enforcement hours, and fee schedule and so on. The author has searched the
UPO websites of 310 universities that had an enrollment of at least 10,000 and found that 86% of
the campuses have maps that show the zones and detailed zone information in their UPO websites.
The zone information is posted on signs at entrances of the parking lots.
Permits
Since some CS and faculty do not drive to campus every weekday and park their vehicles
on campus from 8:00 a.m. to 5:00 p.m., UPOs tend to sell more permits than the number of stalls
in a zone. The ratio of the number of permits available for sale to the zone capacity is known as
the oversell ratio (Isler and Hoel, 2004). The typical oversell ratio ranges from 1.26 to 1.4, but it
can be as high as 1.5 to 1.8 (UH, 2019; UMKC, 2019). The purpose of overselling permits is to
increase the utilization of the stalls and revenue. However, there is a delicate balance on how many
more permits a UPO should sell, as this practice sometimes produces higher parking demand than
the number of available stalls. When the stalls are almost fully occupied, drivers start to circulate
within the zone in search of an empty stall. Having purchased a parking permit for a zone without
an available stall to park makes a driver feel frustrated and may cause him/her to be late for class
or work.
Parking permits may be sold by annual (12 months), semester, monthly, weekly or daily
basis, with the annual and semester permits being the most common. Permit sale policy does not
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affect the overall parking demand on campus. However, it impacts users’ choice of permits, zones,
and prices to pay. The UPOs may assign priority to purchase permits among the student population
by: (1) first-come-first-serve basis; (2) by lottery; or (3) by seniority according to credits earned.
The parking office may also maintain a parking permit waiting list. The University of California
at Los Angeles offers a process that is based on class standing (graduate or undergraduate status).
The order to purchase parking permits starts with graduate students and then goes to eligible
carpool users, followed by seniors and juniors, and then sophomores and freshmen (UCLA, 2019).
The University of Kansas sells annual permits on different days to graduate students, followed by
seniors, and then juniors, sophomores, and freshmen (KU, 2019). Oregon State University has a
different policy in which the current permit holders can purchase parking permits 15 days earlier
than the first time permit seekers (OSU, 2019).
UPOs have been using permit prices to recover part of the construction, maintenance and
operating costs of a campus’ parking facilities. However, the primary objective of setting the
permit price should be to moderate the parking demand. Given that the different zones located at
different parts of a campus generate different parking demands, it is important for a UPO to set
different permit prices for the different zones, to prevent over-crowding in certain zones while low
occupancy at some other zones. UPOs should sell permits at cheaper prices for zones far away
from the campus core and more expensive prices for the zones closer to the campus core. At
California State University at Fullerton, the permit price for remote parking zones is 70% lower
than the regular permit price (Fullerton, 2019). This helps to keep some vehicles out of the inner
campus. To encourage parking outside the central core, some universities such as University of
North Texas (UNT, 2019), University of Michigan at Ann Arbor (UMich, 2019), University of
Nevada at Las Vegas (UNLV, 2019), University of Oklahoma (OU, 2019), University of
California at Riverside (UCR, 2019), New Mexico State University (NMSU, 2019), Emory
University (Emory, 2019), etc. allow commuter students or employees to park at remote zones for
free. To make parking at remote zones more convenient, UPOs should provide shuttle services to
transport commuters between the remote zones and the center part of the campus.
Boamah (2013) showed that at Minnesota State University, the overall parking demand
was not distributed among the zones on campus because of the incorrect pricing of the permits for
the different zones.
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Permit price is one of the many factors that potentially influence a student’s choice of the
parking zone. The other potential factors are distance from the classroom, zone capacity, shelter
or shuttle service. From the results of an internet-based survey, Chaniotakis and Pel (2015)
concluded that parking cost was the most important factor in determining the parking location
decision, followed by walking distances and availability of parking stalls upon arrival (i.e., search
time).
In his book about the politics and economics of parking on campus, Shoup (2017)
concluded that nearly all the parking issues could be solved by an appropriate pricing strategy.
Although Shoup (2008) suggested that flexible (performance or congestion-based) pricing is a
possible solution, none of the universities have implemented it in practice. To illustrate the
sensitivity of parking demand with respect to price, California State University at Long Beach
increased the daily parking fee for visitors by $2 in 2016 while the semester permit rates remained
unchanged. That change resulted in a 7% decrease in the number of daily permits sold while the
sale of semester parking permits increased by 19%, compared to the previous year (CSULB, 2017).
Universities have different strategies for setting permit prices. Some universities fix their
permit prices a few years in advance. Colorado State University at Fort Collins (Colostate, 2019)
and Texas A&M University (TAMU, 2019) declare their permit prices five years in advance. The
University of Nevada at Reno adjusts the permit prices based on the previous year’s occupancy
(UNR, 2019). At some universities, e.g., Florida Gulf Coast University, parking is totally free
(FGCU, 2019). Some universities like Middle Tennessee State University, mandatory parking fee
is billed with tuition and other fees, even if the student does not use any parking facility on campus
(MTSU, 2019). In Massachusetts Institute of Technology, graduate students pay less for parking
permits than the undergraduate students (MIT, 2019).
2.6: Search Time and Level of Service
Search time for an empty parking stall, or simply “search time” may be defined as the time
a vehicle starts seeking an empty stall to park until it is legally parked in a stall. For parking on
campus, search time may be defined by the time a vehicle takes to travel from the entrance of the
parking lot until it is parked legally in a stall. An increase in search time may lead to students
having to park elsewhere, park illegally, and as a result being late for class. The time spent by a
vehicle circulating around a campus road network and in a parking lot not only causes traffic
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congestion in the campus’ road network and parking lots but also leads to driver frustration,
increase fuel consumption and emissions. Efficient parking management will help to reduce the
search time and its undesired consequences.
Shoup (2006) studied the parking search time in 16 different cities around the world. He
calculated the average parking search time for 13 different cities all around the world using
different pre-studies. His conclusion was, on average, drivers spent 8.1 minutes searching for an
available parking stall in downtown areas. Inci et al. (2017) found that in Istanbul, each vehicle
examined an average of 21.6 parking spaces and lost 4.2 minutes in search of an empty parking
stall. No similar study has been performed for the university campus.
Guo et al. (2013) modeled the parking stall search process in agent-based modeling and
simulation (ABMS) paradigm based on the drivers’ optimistic and pessimistic attitudes with
respect to the availability of the parking stalls. The University of Buffalo’s north campus was used
as a case study to illustrate the development, validation, and application of the ABMS model. The
authors quantified the environmental effects associated with parking search time and estimated
that 120 gallons of gasoline are wasted every hour in the parking search process.
The concept of Level of Service (LOS) was first formally introduced in the 1965 Highway
Capacity Manual (Roess, 1984). Since then, guidelines to determine the LOS, known as the LOS
criteria, have been developed for many types of highway facilities, including at grade intersections
and modern roundabouts. All of them express the performance of a facility in serving the users by
A to F letter grades. For a particular type of facility, the A to F grades is determined by some
measures of user experience (such as delay and speed), with specific threshold values.
The Highway Capacity Manual (HCM, 2016) has not defined the LOS criteria for any type
of parking facility. The only LOS guidelines are found in AASHTO’s A Policy on Geometric
Design of Highways and the Streets (AASHTO, 2018). The AASHTO LOS criteria for parking
determines the A to F grades by the physical dimensions of the parking stalls. Chrest et al. (2012)
define four levels of services for parking garages in their Parking Structures book. However, this
book only focuses on parking garages and relates the level of service mainly with the physical
dimensions and the available infrastructure. Both AASHTO and Parking Structures manuals do
not reflect the most important user experience, which is the search time.
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2.7: Transit Services
The role of transit services is to supplement and complement campus parking. There are
two types of transit systems, which serve to alter the travel behavior of campus users in different
ways.
The first type of transit system is the campus shuttle bus system. This system provides an
alternative mode of transportation that brings users from remote parking zones to any point on the
campus, thus encourages drivers to park further from the campus core. This “park-and-ride”
alternative helps to spread the parking demand spatially. For the campus shuttle bus system to
work well to support the campus parking system, its routes and service headways must meet the
demand, especially during the morning peak hour.
The second type of transit system is the city or county’s bus system. This type of transit
system provides an alternative for users to switch transportation mode in their daily commutes
from home to campus, therefore reducing the parking demand on campus. For this transportation
option to be attractive, the city’s or county’s bus system must be integrated with the campus
transportation system, by (i) having routes that pass through the campus; and/or (ii) having
coordinated transfer points and service schedule for riders to easily transfer to the campus shuttle
bus system to reach their final destinations on campus. In addition, the UPOs must work with the
city or county’s transit service provider to give incentives for students to use transit instead of
driving to campus.
Kaplan (2015) found in his survey at Kent State University that students did not favor
sustainable transportation (transit, bicycle, and walking). One important reason that discourages
sustainable transportation activities is the absence of supporting infrastructure. According to the
survey results conducted in Villanova University, Mctish et al. (2016) suggested that in order to
discourage students from driving alone to campus, the university should provide a campus shuttle
bus program, work with the city to provide discounted tickets for public bus and train (mass transit
or metro) users, give incentives for carpools and encourage bicycle use.
The Federal Highway Administration (FHWA, 2004) reported that the commuters tended
to change from the driving-alone mode when they are provided with detailed information about
location, routes, timing and the other critical information of other alternative modes. A survey
conducted at the University of California at Berkeley revealed that the quality of transit service
and trip time both had a significant effect on student’s mode choice (Riggs, 2014). The same survey
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also found that free or discounted public transit programs significantly reduced the single studentdriver trip to the campus. Proulx et al. (2014) conducted another survey at the University of
California at Berkeley. The discrete choice models developed from the survey data showed that
the drive-alone mode share could be reduced by 3% with a combination of increases in parking
price and the transit subsidies. The University of Colorado avoided the construction of 2,000 new
parking stalls by a program that gave students free rides on transit and light rail services. The
program successfully caused 41% of the students who drove alone to switch to use the public
transportation systems (Kenney, 2004). Sultana (2015) surveyed 2,000 undergraduate students at
the University of North Carolina at Greensboro. She found that a student’s decision to or not to
purchase a permit was mainly determined by the student’s car ownership, car use habits, faster
mobility needs, and distance of daily commute, but not environmental concerns. On the other hand,
if universities can alter students’ mode choice by supporting reliable on-campus shuttle services
and city transit incentives the demand will decrease and so the undesirable consequences.
2.8: ITS for Parking
Intelligent Transportation Systems (ITS) is gaining popularity as a solution to solve the
parking congestion problem. According to the results of a survey conducted by the International
Parking Institute (IPI, 2015), four of the top emerging trends in parking management were the
implementation of ITS services in:


Access control;



Electronic payment;



Use of mobile applications to display parking fees; and



Use of mobile applications to display real-time availability of stalls.

In another survey, Krueger (2008) found that the use of ITS in managing parking problems on
campuses was becoming popular, with the GPS-based parking guidance systems being the most
popular implementations. Teodorović and Lucic (2006) stated that navigation guidance systems
increased the probability of finding available parking stalls that is translated into decreases in
vehicle-miles traveled, average search time, fuel consumption and emissions.
ITS technologies allow UPOs to effectively verify parking permits and issue citations. By
using License Plate Recognition (LPR) system, it may no longer be necessary for the parking office
to issue physical parking permits (stickers or hangtags). The LPR system uses vehicle license
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plates as their parking permits. This system not only eliminates print out and distribution of the
permits but also enable UPOs a way to control access to the parking zones. This technology can
also be used to monitor stall occupancy. Enforcement vehicles having LPR technology can scan
the license plates of parked vehicles and identify vehicles that do not have a proper permit.
Examples of the universities that have taken advantage of the LPR technology in parking
management are:


California State University at Long Beach (CSULB, 2019)



The University of Missouri at Columbia (Missouri, 2019)



The University of North Carolina at Charlotte (UNCC, 2019)



University of Kansas (KU, 2019)



University of Rhode Island (URI, 2019)



Stanford University (Stanford, 2019)



University of North Dakota (UND, 2019)

ITS can benefit visitors to spend less time searching and paying for parking. There are various
smartphone applications in the market that help users to navigate and pay with their mobile
devices. Figure 2.1 lists the most common applications used for visitor parking at universities.

Parkmobile

paybyphone

Mobilemeter

Passport

Mobilenow

Whoosh

Figure 2.1 Popular smartphone applications used for campus parking
Some universities require visitors to register their vehicles with the responsible offices
while entering the campus. For example, at Central Michigan University, the Police Department
is responsible for visitors’ vehicle registrations (CMU, 2019). Visitors are required to obtain a
permit from the Police Department by presenting their driving licenses and vehicle registrations.
They should also inform where and how long they will be staying. The Police Department assigns
parking privileges for specific stalls depending on the purposes of the visits. Murray State
University asks visitors to register their cars as well (Murray State, 2019). The difference is in the
registration process. It is done at an online parking portal. Approved permits are ready for the
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visitors to pick up at the parking office upon arriving on campus. This system still needs visitors
to stop by an office to pick up the permits.
With smartphone applications or in-vehicle navigation systems, drivers can follow the
guided routes to university campuses, avoiding congestion spots along the way. However, the
digital maps that come with such systems do not have information, let alone real-time information,
on parking on campus. Collecting real-time parking information and disseminate them via a mobile
application is an ITS solution. Some universities are already sharing their parking information in
real-time online. California State University at Sacramento (CSUS, 2019), University of California
at Riverside (UCR, 2019), Wayne State University (Wayne, 2019), and University of Texas at San
Antonio (UTSA, 2019) are just a few examples.
To go one step further, UPOs can install sensors on the surface or the ceiling of parking
stalls to detect the presence of parked vehicles. Texas A&M University uses this technology in
their parking garages to inform users about stall and lot occupancy using dynamic message signs
at the entrances (TAMU, 2019) (Figure 2.2). Another way to detect parked vehicles is to use the
image-processing technique. At Auburn University, this system is used to count and share realtime occupancy information for surface parking zones (Auburn, 2019) (Figure 2.3).

Figure 2.2 Texas A&M University parking stall occupancy system
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Figure 2.3 Auburn University real-time stall information smartphone application
According to FHWA Tolling and Pricing Program (FHWA, 2018), performance-based
parking pricing helps to reduce the parking search time. ITS technologies enable the
implementation of performance-based parking pricing. San Francisco, Los Angeles, and Seattle
are some good examples that adjust the parking prices based on the occupancy.
SFPark is the parking monitoring and pricing program that the city of San Francisco has
been using since 2011 (SFPark, 2018). The system covers 6,000 stalls across seven districts in the
city. Every parking stall in the SFPark system has a sensor, which monitors the real-time
occupancy. Parking meters are programmed to charge variable prices according to the time of the
day. Based on the observed occupancy rates, the city of San Francisco adjusts the parking prices
every month. Rates are either reduced by no more than 50 cents per hour or increased by up to 25
cents per hour.
LA Express Park program was designed as a component of the Los Angeles Congestion
Reduction Demonstration to help to reduce the traffic congestion problem of Los Angeles (LA
Express Park, 2018). This program was launched in 2012 and followed a similar concept that the
SFPark had. Not only the program allows users to monitor parking availability in real-time, but
also with performance pricing, the city increases the availability of limited parking spaces.
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The Seattle Department of Transportation (SDOT) has been using a similar system since
2010 (SDOT, 2018). SDOT collects and analyzes the data annually. 12,000 on-street parking stalls
are under this program in which the occupancy and rates are evaluated over three time periods in
a day (morning, afternoon, and evening). The target range of the parking occupancy is between
70% to 85%. If the parking occupancy is below target, parking prices of that area are decreased by
$0.50. If the occupancy is above the target, SDOT increases the rate by $0.50 for the following
year.
Another approach is to vary prices in real-time based on the real-time parking congestion
level. District of Columbia is proposing a pilot program for on-street commercial vehicle parking,
however, it has not been tested yet (DDOT, 2018). Although promising, performance-based
pricing has not been implemented on any university campus.
2.9: Other Innovative Parking Management Strategies
Overflow Parking
One of the main issues with the campus parking for students is due to the high concentration
of class schedule during certain hours. The demand for student parking during the peak periods
may exceed the zone capacity. The need for an overflow lot may also be contributed by overselling
of permits. Some universities assign overflow zones for use by specific permit owners during these
hours. When a parking lot is full, permit owners are allowed to park in the overflow parking zones.
For example, at University of Washington (UW, 2019) and University of Maryland (UMD, 2019),
each lot is linked with an overflow lot. Permit holders know where to park next when the permitted
parking lot is full.
Underutilized Parking
In 2017, Harvard University introduced a new concept called “underutilized parking”
(Harvard, 2019). This is an option for all employees and students who are not parking the whole
day for five days a week, i.e., less frequent users. One parking facility is designated for the
underutilized parking permit holders. The following underutilized parking permit options are
available: morning, afternoon, three-day per week and after 3:00 p.m. A commuter may select the
morning option if he/she comes to the campus in the mornings only. If he/she comes to school less
than three days in a week, he/she can purchase a three-day permit. This business model aims to
serve more commuters and increase occupancy in the underutilized zone.
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Accessibility-Based Pricing
The University of Texas at Dallas (UT Dallas) has three parking garages with five levels
each. The UPO divides the parking eligibility based on the levels (UT Dallas, 2019). Stalls at the
base level are for payment by the hour. Upper levels are identified by four-color zones. UT Dallas
sells four different colors of permits with four different prices. Permit prices at the higher levels
are cheaper than those at the lower levels. The concept is based on the fact that users who park at
higher levels need to drive to the floor and walk more to and from the vehicles.
Day-Use Permit Pack
Generally, full-time students, faculty or staff tend to purchase annual or semester-based
parking permits. At University of Maryland, commuter students who use parking facilities
occasionally may purchase “bundle pack permits” (UMD, 2019). Each bundle contains 10 oneday parking permits. Similarly, at Colorado State University at Fort Collins, if a commuter does
not have an annual permit, he/she is eligible to purchase a pack of 10-day use hangtag permits
(Colostate, 2019). This practice discourages students from using their 10-day use permits and
encourages them to choose alternative means of transportation.
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Limit Parking Options for Students
Some universities adopt policies to limit parking for certain students. For example,
University of California at San Diego (UCSD, 2019), Stanford University (Stanford, 2019), Emory
University (Emory, 2019), and University of Vermont (UVM, 2019) do not allow first-year
students to buy annual parking permits. The University of Kentucky only sells permits to students
who live at least one mile from campus and have at least 60 earned credits (UKY, 2019).
Georgetown University offers a very limited amount of parking just for visitors and employees
(GU, 2019). Students are not allowed to park on campus. Likewise, New York University does not
provide any stall to students and directs them to park in other facilities around the campus (NYU,
2019).
Class Schedule based Permits
Some universities, for example, San Francisco State University (SFSU, 2019), Portland
State University (PDX, 2019), University of Wisconsin at Oshkosh (UWOSH, 2019), have a
special option. If the commuter students travel to campus only two or three days a week (because
of class schedule), they can purchase their permits for (i) Monday, Wednesday and Friday; or (ii)
Tuesday and Thursday. This allows the parking office a better prediction of the daily demand.
2.10: Chapter Summary
Universities attract different types of users (faculty, staff, student, and visitor). The parking
capacity on campus is usually not sufficient to meet the demand, especially during peak hours on
weekdays during the semester. While constructing new parking facilities is a long-term solution,
most universities use zoning, permit sales, and permit pricing, in combination with promoting
transit. ITS services and other innovation policies are short-term solutions. There is no
methodology or tool to assist the UPOs in their decision-making process. From this literature
review, the author has identified the two important decisions every UPO must make or review
when setting parking management policies for students in a new academic year or every semester.
These decisions are:
1. The annual selling price of student parking permits at different zones.
2. The number of student parking permits to be sold at different zones.
The decisions depend on the demand for parking by students, the supply of student parking zones,
the hourly congestion level at each zone, etc. They also depend on how the student parking is
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evaluated. Increasingly, many universities are investing in ITS services in parking management.
The decision to or not to proceed with implementing ITS services for parking depends on the
expected benefits they will bring to the users. To assist UPOs in making the two important
decisions, the author has developed an analysis procedure that answers six research questions.
These research questions are presented in Chapter 3.
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Chapter 3: Research Plan
3.1: Research Questions
There are six Research Questions that this dissertation addresses. The answers to these
questions will help UPOs to make critical policy decisions on how to manage student parking on
campus at the beginning of every academic year. To make the answers applicable across different
university campuses, generic models or analysis approach is established for each Research
Question. The Research Questions are:
1.

On a university campus, how many students are expected to buy parking permits in an
academic year?

2.

What is a reasonable “base” price for an annual student parking permit? The base price is
the campus-wide reference price from which a differential price is added or subtracted to
arrive at the recommended selling price of student parking permits in a zone.

3.

How should the parking lots on campus be grouped into different student parking zones and
what should be the annual student permit prices for these student parking zones?

4.

If the student parking zones and annual student permit prices have been decided, how many
students are expected to park in each zone?

5.

If the class schedule of the future semester has been fixed but students have not registered for
the courses, how to estimate the temporal variation of student parking demand in each zone?

6.

How should the performance of a university campus parking system in serving its students be
evaluated?

3.2: Work Plan
To answer these six Research Questions, a detailed work plan has been developed, as
presented in Figure 3.1.
Task 1 - Literature Review
The first task is the literature review, which has focused on the existing publications about
university campus parking, as well as the different innovative applications applied by the
universities to handle parking issues. There are common parking supply and management
strategies but no analytical tool to help decision-makers.
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Task 2 - Answering Research Question 1 & Research Question 2
The answers to Research Questions 1 and 2 are to develop two models. These models are
reported in Chapter 4. Information was collected from publicly available resources across the
country to develop generic models. The following approach was applied to develop the model:
(i)

Gathered a comprehensive data set consisting of parking, campus setting, student
demographics, and related information from 208 universities in the United States with
enrollments of at least 10,000 students; and

(ii)

Developed regression models to predict the proportion of students who will purchase
annual parking permits and the annual base price of student parking permits.

Both models, named total demand model and base permit price model respectively are applicable
to all the university campuses in the United States with an enrollment of at least 10,000 students.
Task 3 - Answering Research Question 3
Research Question 3 is answered in Chapter 5. A Zoning and Zone Permit Pricing (Z2P2)
methodology has been proposed in response to this question. The methodology consists of the
following steps:
(i)

Apply spatial analysis to group parking lots on campus into student parking zones;

(ii)

Estimate the “last-mile” travel times (by available models such as walking, bicycling and
taking campus shuttle bus) from the parking zones to the final destinations on campus;

(iii)

Convert the last-mile travel times to last-mile travel costs by using the value of travel time;

(iv)

For each zone, adjust the base price by this last-mile travel cost to arrive at the
recommended annual student parking permit price.
Similar to the total demand model and the base permit price model, this Z2P2 methodology

is applicable to student parking at other university campuses. If the base price and value of time
of other types of users are known, the zone price methodology is also applicable to the other types
of users.
Task 4 - Students Survey
The fourth Task is to conduct a student survey in order to determine the necessary data to
answer the following research questions:


Parking location choice and factors: Research Question 4



Arrival and departure times, parking zone choices: Research Question 5



Thresholds for parking search time: Research Question 6
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The aggregated survey results are reported in Chapter 6 of this dissertation.
Task 5 - Answering Research Question 4
The answer to Research Question 4 is provided in Chapter 7. This question asks if the
student parking zones and their annual permit prices have been decided, how many students are
expected to purchase annual parking permits for each zone. In other words, how many student
parking permits the UPO can expect to sell for this zone. The answer is dependent on many factors
such as permit price, walking time, and even the capacity of the zone. Two demand models have
been developed using the discrete choice approach to predict individual student’s choice of the
parking zone and determine the parameters which affect the choice significantly. To develop the
models, Student Survey and permit owners’ data are used as input variables.
Task 6 - Answering Research Question 5
Research Question 5 is answered in Chapter 8. To answer this question, an occupancy
estimation methodology called class schedule-based temporal zone demand estimation is
developed to predict the hourly parking stall occupancy in a student parking zone. This occupancy
estimation methodology has the following approaches, and is designed to apply at the beginning
of every semester:
(i)

For each zone, estimate, for every student permit holder, his/her class schedule for the
upcoming semester. The best information is the class registration data which may be
provided by the university’s Registrar Office (RO);

(ii)

Adjust this student’s arrival times and departure times from his/her class schedules;

(iii) If individual class registration information is not available, models to predict the arrival time,
departure time, and/or occupancy time will need to be developed and calibrated with
historical traffic or stall occupancy count data for each zone.
The resolution (level of detail) of the occupancy estimation varied from the disaggregated
(individual user) model to the aggregated (zone level) model. To implement step (ii) above, a
student survey was conducted in which questions will be asked about their arrival and departure
times. The class schedule-based temporal zone demand estimation methodology provides UPOs a
way to estimate the peak demand hour and highest congestion level of a student parking zone so
that the UPOs can go back to adjust the number of student permits available for sale at this zone
at the beginning of every semester. UPOs may use this methodology to determine the oversell ratio
of student parking permits in each zone.
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Task 7 – Answering Research Question 6
Research Question 6 asks how should a university campus parking system that serves
students with parking permits be evaluated. The answer to this question, Chapter 9 proposes a
methodology for UPOs, traffic engineers and policymakers to evaluate the operational
performance of a system of parking zones in an area (such as a university campus). The evaluation
approach is based on the concept of Level of Service (LOS), which has been used by the wellknown Highway Capacity Manual (HCM, 2010) in evaluating the operations of different types of
transportation facilities. A new set of LOS criteria for student parking, in a table format, was
developed, using search time as the parameter. To develop these LOS criteria, Student Survey has
been conducted among students to obtained data on their levels of tolerance for LOS A to F. This
approach in developing the LOS criteria for parking may be repeated for other types of campus
users.
Task 8 – Case Study
This task demonstrates the applications of all the models and methodologies developed in
this dissertation. The University of Texas at El Paso (UTEP) campus is selected as the case study
site. The results are shared in Chapter 10.
Task 9 - Conclusions
This task, as Chapter 11 of this dissertation, highlights the key findings of this dissertation.
This Chapter will also describe the significance of this research, in terms of intellectual merit and
broader impact. The limitations of the study and further work are also given in this Chapter.
3.3: Deliverables
This dissertation produces models and analysis methodologies as listed in Table 3.1.

Table 3.1 Deliverables – Models and Methodologies
Research question
1 and 2
3
4
5
6

Task
2
3
5
6
7

Model or methodology
Total demand model, base permit price model
Zoning and zone pricing methodology
Zone demand model
Class schedule-based temporal zone demand estimation methodology
Level of service criteria and estimation methodology
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Chapter 4: Total Demand and Base Price Models
4.1: Chapter Introduction
Understanding the parking demand and user’s reactions to price changes will help UPOs
to manage campus parking better. This chapter focuses to answer, Research Question 1: In a
university campus, how many students are expected to buy parking permits in an academic year?
and Research Question 2: What is a reasonable “base” price for an annual student parking permit?
The base price is the campus-wide reference price from which a differential price is added or
subtracted to arrive at the recommended selling price of student parking permits in a zone? Two
different models were developed: (1) total demand model to predict the proportion of students who
are expected to buy campus parking permits and (2) base permit price model to assist UPOs in
setting the base student parking permit price for a university campus. The base price is the campuswide reference price from which a differential price is added or subtracted to arrive at the
recommended selling price of student parking permits in a zone. The total demand model and the
base permit price models were developed based on the data collected via an internet survey from
208 different university campuses across the United States. All these universities were selected
from the National Center for Education Statistics (NCES) 2017 statistics (NCES, 2017).
4.2: Methodology
In the United States, there are 310 universities that offer four-year bachelor, plus graduate
and Ph.D. programs, and with an enrollment of at least 10,000 (NCES, 2017). These campuses
were initially selected to develop the models. To develop macroscopic regression models with a
population size of 310, the sample size to give a 95% confidence level with a 5% margin of error
was 172 (Israel, 1992).

Upon checking the potential resources (U.S. News, 2018; College Board,

2018; College Data, 2018; The Weather Channel, 2018; GSA, 2018; and AASHE, 2018), only 208
universities out of 310 published parking-related statistics. The geographical distribution of the
310 (all universities having enrollment above 10,000) and 208 selected campuses are plotted in
Figure 4.1 (a) and 4.1 (b) respectively.
The required sample of 172 universities was randomly selected from the 208 universities
and assigned as the calibration data set. The data from the remaining 36 universities were used as
the validation data set.
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(a) All universities

(b) Universities selected for the study
Figure 4.1 Locations of the campuses with enrollment above 10,000
The variable descriptions and data sources are listed in Table 4.1. Because the data were
taken from different sources, it is necessary to explain how certain variables were determined.


For campus setting, two categories were followed, namely “urban” and “suburban”, used by
the Institute of Transportation Engineers (ITE). It is assumed that the ITE definition of
“suburban” setting included rural campuses while the “urban” setting included campuses
located in city centers.



The average fall semester temperature was the mean of the “average high” and “average low”
temperatures in September, October, and November,



The average per diem rate (hotel, meals, local transportation) in a city was used to approximate
the cost of living in that city. The average daily value over 12 months was used.



The enrollment was the latest total student population, mostly in the Fall 2017 semester.



The faculty/student ratio, defined as the number of full-time equivalent faculty members
divided by the number of full-time equivalent students, was estimated by which assumed that
one part-time person was equivalent to 1/3 of a full-time person.



The existence of a campus shuttle, transit incentive, and bike program were observed from
each university’s website.
o The campus shuttle refers to the paid or free bus service within the campus.
o The transit incentive consisted of free or discounted rides for students using the city or
county’s transit services.
o The bike program included paid or free bike-sharing systems on campus.
29



The proportion of students who purchased permits was first taken from the U.S. News and
World (U.S. News, 2018) report followed by checking the Sustainability Tracking, Assessment
and Rating System (AASHE, 2018). Most of the universities probably reported this number
based on the number of student permits sold.



The base permit price was calculated as follows. First, all types of student permits were ranked
from the lowest and the highest, by the annual costs. Then, the median permit price was taken
as the base permit price. This selection process ignored the number of each type of student
permits sold and their durations because many universities did not publish such data. Similar
to tuition fee, annual permit price was used to avoid the issue of semester versus quarters.

The total demand model has dependent variable Y1, the proportion of students who will purchase
permits. The proportion instead of an absolute number of permits was selected so that the
developed model could be applicable to universities with a wide range of enrollment. The possible
independent variables were X1, X2, ….. , X16, X18 (Table 4.1). Since Y1∈ [0, 1], Beta regression
analysis was used to fit the model. Beta regression fits a model in which the dependent variable is
bounded between the values of 0 and 1.
The base price model has a dependent variable Y2, which is the base permit price in $/year.
Base permit price is defined as the median of the annual (12-month) student commuter permit
prices available for purchase. The possible independent variables were X1, X2, ….. , X16, X17
(Table 4.1). Since Y2 ∈ [0,∞), Tobit regression analysis was used to fit the model.

30

Table 4.1 Independent Variables
Notation
X1

Name

Value and unit

Reason

Type of university

1 if private
0 if public

to see the difference between private
and public universities

X2

Campus setting

1 if urban
0 if suburban

to check the effect of urban or
suburban setting of the campus

X3

Population of the city
(persons)

Log(population)

to see the effect of the city
population; log was used to scale the
range

X4

Campus area

Land area in acres

to see the effect of the larger campus

X5

Number of rainy days

Days/year

to see the climate influence

X6

Average Fall semester
temperature

Average Sept-Nov
temperature in F

to see the climate influence

X7

Cost of living

Annual average daily
per diem in $/day

to see the effect of the cost of living
in the city

X8

Tuition fee

In-state tuition in $/year

to see the effect of tuition fee

X9

Enrollment

Fall semester
enrollment

to check the effect of the total student
population

Reference
US News,
College Board,
College Data

College Data
US News,
College Board,
College Data
College Data
The Weather
Channel
GSA
US News,
College Board,
College Data
US News,
College Board,
College Data,
CDS

X10

Proportion of
undergraduate students

No. of undergraduate
students/enrollment

to see the effect of undergraduate
students

X11

Proportion of part-time
students

No. of part-time
students/enrollment

to see the effect of part-time students

X12

Proportion of
commuter-students

No. of commuterstudents/enrollment

to see the effect of commuter-students

X13

Faculty/student ratio

No. of FTE faculty/no.
of FTE students

to see the effect of the number of
faculty/student
(FTE = full-time equivalent)

US News, CDS

university
website

US News, CDS
CDS

X14

Campus shuttle bus

1 if yes
0 if no

to see the effect of campus shuttle bus
service

X15

Transit incentive

1 if yes
0 if no

to see the effect of the public transit
incentive offered by the city, county

X16

Bike program

1 if yes
0 if no

to see the effect of bike programs on
campus

X17

Proportion of students
who purchased permits

No. of student who
drives to campus/
enrollment

to see the effect on base permit price

Base permit price

$/year

to see the effect on proportion of
students who will purchase a permit

X18

university
website
university
website
US News,
AASHE

CDS = Common Data Set
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university
website

Table 4.2 Descriptive Statistics of Calibration Data
Notation
X1

Name

Mean

Std. dev.

Min

Max

Median

Type of university

0.22

0.41

0

1

0

X2
X3

Campus setting

0.66

0.48

0

1

1

Population of the city
(persons)

413,592

1,012,914

590

8,244,910

115,483

X4
X5

Campus area (acres)

1,096

1,474

36

8,500

601

Number of rainy days
(days/year)

110

28

27

171

114.5

X6

Average fall semester
temperature (F)

58

7.8

41.67

79.33

56.83

X7

Cost of living ($/day)

193

42

147

345

181

X8
X9
X10

Tuition fee ($/year)

18,290

15,506

5,217

57,208

11,162

Enrollment

26,651

12,461

10,261

75,756

23,833

Proportion of undergraduate
students

0.75

0.14

0.40

1.00

0.89

X11

Proportion of part-time
students

0.19

0.11

0.00

0.61

0.18

X12

Proportion of commuterstudents

0.66

0.20

0.02

1.00

0.71

X13

Faculty/student ratio

0.07

0.04

0.03

0.33

0.06

X14
X15
X16
X17

Campus shuttle bus

0.91

0.28

0

1

1

Transit incentive

0.41

0.49

0

1

0

Bike program

0.76

0.43

0

1

1

Proportion of students who
purchased permits

0.44

0.24

0.20

0.98

0.44

X18
Y1

Base permit price ($/year)

415

403

0

2,738

279

Proportion of students who
will purchase permits

0.44

0.24

0.20

0.98

0.44

Y2

Base permit price (predicted)
($/year)

415

403

0

2,738

279

For both models, STATA Special Edition Version 15 (STATA, 2017) software was used
to perform fitting the models. The stepwise backward elimination technique was run to select the
independent variables, using the criterion |t| ≥ 1.96.
4.3: Results
4.3.1: Total Demand Model
The deterministic part of the Beta regression model takes the form of
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̂

𝑒𝑥𝑝(X𝛃)
𝑌̂1 = 1+𝑒𝑥𝑝(X𝛃̂)

(4.1)

̂ is
where 𝑌̂1 is the estimated or predicted value of 𝑌1 , 𝐗 is the row vector of input values and 𝛃
the column vector of the fitted regression coefficients. For this fitted model,
̂ = 0.019𝑋6 − 0.00000915𝑋8 − 1.349𝑋10 + 3.134𝑋11 − 0.002𝑋18
𝐗𝛃

(4.2)

The significant independent variables are X6 (average fall semester temperature), X8
(tuition fee), X10 (proportion of undergraduate students), X11 (proportion of part-time students),
and X18 (base permit price). All the independent variables are statistically significant with
|𝑡| ≥1.96 (Table 4.3). This fitted Beta regression model, when applied to the calibration data set,
produced a Root-Mean-Squared-Error (RMSE) of 0.1480. The Beta regression results gave the
Marginal Effect of each independent variable (Table 4.3). Marginal Effect indicates the change in
the value of the dependent variable for every unit change of an independent variable while keeping
the other independent variables constant. Marginal effects allow to analyze quickly and inspect the
outcomes of policy changes. For example, the marginal effect of X18 is -0.0462 which means that
an increase of base permit price $1/year will cause the proportion of students who will purchase
permits to decrease by 0.0462%.

Table 4.3 Results of Beta Regression Analysis for the Demand Model
Variable
Coefficient
X6
0.019
X8
-9.15e-06
X10
-1.349
X11
3.134
X18
-0.002
Number of observations
Log-Likelihood
p-value

t-value
3.47
-1.99
-3.66
5.81
-8.82

Marginal effect
0.404
-0.000211
-0.293
0.674
-0.0462
172
91.18
0.0000

95% confidence interval
-0.008
-0.029
-0.000018
-1.51e-07
-2.07
-0.626
2.078
4.191
-0.003
-0.002

The fitted 𝑌̂1 values were plotted against the reported 𝑌1 values. All the data points fell closely
along the 45-degree line in Figure 4.2 (a). The fitted demand model was applied to the validation
data set. The predicted 𝑌̂1 values were plotted against the 𝑌1 values. All the data points from
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36 universities follow closely the 45-degree line (Figure 4.2 (b)). The calculated RMSE from the

1.0

1.0

0.8

0.8

Predicted Y1

Fitted Y1

validation data set was 0.1667.

0.6
0.4
0.2

0.6
0.4
0.2

0.0

0.0
0.0

0.2

0.4

0.6

0.8

1.0

0.0

0.2

Reported Y1

0.4

0.6

0.8

1.0

Reported Y1

(a) Calibration data set

(b) Validation data set

Figure 4.2 Predicted versus reported Y1 values
4.3.2: Base Permit Price Model
The significant independent variables are X2 (campus setting, 1 for an urban setting, 0 for
the suburban setting), X7 (cost of living), X10 (proportion of undergraduate students), X13
(faculty/student ratio), and X17 (proportion of students who purchased permits). For this fitted
model:
𝑌̂2 = 154.71 𝑋2 + 2.98 𝑋7 − 293.08 𝑋10 + 2187.71 𝑋13 − 516.81 𝑋17

(4.3)

The results of the Tobit regression analysis are presented in Table 4.4. All the independent
variables are statistically significant with |𝑡| ≥1.96. This fitted Tobit regression model, when
applied to the calibration data set, produced a RMSE of 160.22. The fitted 𝑌̂2 values were plotted
against the 𝑌2 values in Figure 4.3 (a). All the data points fell closely along the 45-degree line.
To validate the model, the fitted base permit price model was applied to the validation data set.
The predicted 𝑌̂2 values were plotted against the 𝑌2 values.
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All the data points from 36

universities fell closely along the 45-degree line (Table 4.3 (b)). The calculated RMSE was
162.07.

Table 4.4 Results of Tobit Regression Analysis for Base Price Model
Variable
Coefficients
X2
154.71
X7
2.98
X10
-293.08
X13
2187.71
X17
-516.81
Number of observations
Log-likelihood
p-value

t-values
5.26
10.09
-3.92
5.41
-8.19
172
-1099.17
0.0000

$1,500

$1,200

$1,200

$900

Predicted Y2

Fitted Y2

95% confidence intervals
96.61
212.80
2.40
3.56
-440.60
-145.55
1389.99
2985.44
-641.42
-392.20

$900
$600

$600

$300

$300
$0

$0
$0

$300

$600

$900 $1,200 $1,500

$0

Reported Y2

$300

$600

$900

$1,200

Reported Y2

(a) Calibration data set

(b) Validation data set

Figure 4.3 Predicted versus reported Y2 values
4.4: Chapter Summary
University campuses are trip attraction zones housing different facilities such as
classrooms, laboratories, offices, libraries, dormitory, dining halls, auditoriums, sports venues, and
etc. These facilities attract different types of users with different parking behaviors and generate
different parking demands. The estimation of parking demand is a very complex subject mainly
because the demand is affected by many variables than simple statistics suggest. The only tool
developed to estimate the parking demand is the ITE Parking Generation Handbook (ITE, 2005)
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that relates parking demand to the total population of the school and school setting (urban or
suburban). There is no other tool to estimate the demand. This dissertation developed a total
demand model using aggregated data from 208 university campuses that had enrollments of at
least 10,000. The total demand model gives general information about the commuter student
parking demand and allows the analyst to predict the demand changes in case of any change of
independent variables.
UPOs are generally self-funded agencies and their income mainly comes from parking
permit sales. On the other hand, permit prices have been used as a tool to manage the parking
demand. It is very important for UPOs to set the permit prices to keep a balance between increasing
the revenue and losing number of permit purchases. There is not any tool in the literature to assist
the UPOs in setting the permit prices. This dissertation fitted a regression model called the base
permit price model that predicts the “base price” of the student parking permit on a university
campus.
One other intended use of the two models is to make predictions for future year changes
and prepare an analysis of “what-if” scenarios. Two models can be analyzed with an iterative
approach and the outcomes may be used by UPOs in setting the future base permit price with
estimating the number of permits sold, revenue and planning for capacity expansion.
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Chapter 5: Zoning and Zone Permit Pricing Methodology
5.1: Chapter Introduction
Universities have many parking lots spread across the campus. Some of them are close to
the campus core, some located in the perimeter and some are very far (remote). UPOs usually
group one or several adjacent parking lots into a zone and control the zone’s usage by issuing
limited numbers of certain type of parking permits. Permit holders can only park at the assigned
zones allowed with their parking permits. Zoning helps UPOs to manage the demand when there
is a limit number of permits. Proximity to the campus core is the main consideration in zoning.
Faculty and staff are usually given the option to purchase permits at higher prices to park in the
campus core. Whereas, students are given parking zones at the fringe of the campus with permits
sold to them at lower prices.
This chapter of the dissertation proposes a Zoning and Zone Permit Pricing (Z2P2)
methodology which aims to answer Research Question 3: How should the parking lots on campus
be grouped into different student parking zones and what should be the annual student permit
prices for these student parking zones? The Z2P2 methodology defines the zones and assigns
annual permit price for each zone. This methodology sets differential permit prices between the
zones using the base permit price, last-mile travel time and value of time of the students. The zone
price methodology is based on two main assumptions: (i) parking zones in the same proximity that
serve users heading to the same final destinations should be assigned to the same zone and charged
the same annual permit price and (ii) users are willing to pay more for permits that allow them to
park closer to their final destinations.
5.2: Methodology
When a student parks closer to the campus core, he/she saves some time for his/her overall
travel time. These savings are calculated by using two different terms: (1) Last-Mile Travel Time
(LMTT) and (2) First-Mile Travel Time (FMTT). The LMTT of a student is defined in this
dissertation as the average travel time from the zone (where the student parks his/her vehicle) to
the final destination. The last-mile trip occurs when the student comes to the campus and after
parking his/her vehicle. The FMTT is the average time for a student to travel from his/her location
at the campus core to the zone where his/her vehicle is parked. This occurs after he/she has finished
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all the campus activities for the day and decides to leave the campus. It is assumed that LMTT and
FMTT have the same duration. Therefore, in this dissertation, only LMTT is presented and the
calculated LMTT is set as the FMTT.
This methodology starts with a spatial analysis of all parking lots on campus. Geospatial
mapping techniques are used to locate the center of each parking lot and the campus core with the
assumption that the center of campus core is the center of all the trip attraction points. However,
users are free to select any point on campus as the final destination for the last-mile trips that are
associated with a parking lot. From each parking lot to the center, all the LMTTs by all available
modes are measured and listed. The adjacent parking lots which have similar LMTTs are grouped
into one zone. From that list of zones, the median LMTT among the zone is calculated, the base
zone is determined in which parking permits are sold at the base permit price. This will be
explained in detail later in this chapter.
USDOT publishes the Value of Time (VoT) of travelers to guide the analysts in evaluating
the benefits of transportation infrastructure improvements. For local personal travel, the average
VoT is estimated at 50% of the hourly median household income (USDOT, 2016). However, this
50% should be adjusted for the local conditions. The range varied from 35% to 60%.
Hess et al. (2004) surveyed the University of California at Los Angeles (UCLA) students’
travel behavior and calculated the VoT of UCLA students as $8.50/hr (in 2004 dollar). Using the
Bureau of Labor Statistics Consumer Price Inflation (CPI) (BLS, 2019) to bring the value to 2017
dollars, the equivalent is $10.98/hr. The United States Census Bureau publishes the median
household income every year for each county (Census, 2017). The 2017 data declared the median
household income of Los Angeles County at $61,015 per year. This value can be converted to the
hourly VoT of a student by using the USDOT’s equation (USDOT, 2016):

𝑉𝑜𝑇ℎ𝑟 =

(𝑐)∗(𝐼𝑚ℎ )

(5.1)

(2080)

where:


𝑉𝑜𝑇ℎ𝑟 is the VoT of local personal traveler in $/hr;



𝑐 is the coefficient to convert the median household income per hour to the VoT for personal
travel. 0.35< c <0.6;



𝐼𝑚ℎ is the median household income in $/year; and
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USDOT assumed that an average traveler works 2,080 hours a year. For this reason, to convert
the median household income per year to per hour, 2,080 hours were used.

Based on the data published by Hess et al. (2004), the conversion coefficient 𝑐 was found 0.3743.
Therefore, Equation (5.1) may be converted to express the VoT in $/minute as:

𝑉𝑜𝑇𝑚𝑖𝑛𝑢𝑡𝑒 =

(0.3743)∗(𝐼𝑚ℎ )

(5.2)

(2080)∗(60)

where:


𝑉𝑜𝑇𝑚𝑖𝑛𝑢𝑡𝑒 is the average value of time ($/minute); and



𝐼𝑚ℎ is the median household income ($/year).

After grouping the adjacent parking lots with similar LMTTs into zones, the zone that has the
median zone LMTT can be found. This zone is designated as the base zone, denoted by 𝑧𝑏𝑎𝑠𝑒 , and
its permit price is equal to the base permit price. In addition, the travel time from the center of this
zone to the campus core is set as the base LMTT, denoted as 𝐿𝑀𝑇𝑇𝑏𝑎𝑠𝑒 . Every other zone’s LMTT
can be compared to 𝐿𝑀𝑇𝑇𝑏𝑎𝑠𝑒 , from which a student’s annual saving or loss in LMTT relative
to 𝐿𝑀𝑇𝑇𝑏𝑎𝑠𝑒 can be computed and then converted into dollar value by means of the VoT.
The calculations start by identifying 𝑧𝑏𝑎𝑠𝑒 , and setting its base permit price. Instead of
using the base permit price, a UPO may use a different value according to its policy. We call the
adopted price the practical base permit price, denoted by 𝑃𝑏𝑎𝑠𝑒 . This value may be taken directly
from 𝑌̂2in Equation (4.3) or adjusted based on the needs of the UPO. For example, 𝑃𝑏𝑎𝑠𝑒 maybe
𝑌̂2 plus the capital recovery cost of a parking facility or the costs of providing shuttle service.
After the determination of 𝑧𝑏𝑎𝑠𝑒 and 𝑃𝑏𝑎𝑠𝑒 , the permit price of the remaining zones can be
calculated by:
𝑃𝑧 = 𝑃𝑏𝑎𝑠𝑒 + (𝐿𝑀𝑇𝑇𝑏𝑎𝑠𝑒 − 𝐿𝑀𝑇𝑇𝑧 ) (𝑉𝑜𝑇) (2𝐷)
where:


𝑃𝑧 is the annual permit price of zone z ($/year);



𝑃𝑏𝑎𝑠𝑒 is the annual practical base permit price ($/year);



𝐿𝑀𝑇𝑇𝑏𝑎𝑠𝑒 is the LMTT of the base zone (minutes/trip);
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(5.3)



𝐿𝑀𝑇𝑇𝑧 is the LMTT of zone z (minutes/trip);



𝑉𝑜𝑇 is the average value of time of permit holders ($/minute);



𝐷 is the average number of days a permit holder will drive to the campus (days/year); and



Factor 2 (trips/day) is to account for the two trips from/to the parked vehicle per day.
Although the majority of students prefer to walk in their last-mile trips, they may also

choose other modes like shuttle bus or bicycle. Therefore, the 𝐿𝑀𝑇𝑇𝑧 in Equation (5.3) must be
replaced by the averaged LMTT weighted by the mode shares. The LMTT for shuttle bus includes
walking time from the parked vehicle to the bus stop, waiting time at the bus stop, in-vehicle time,
plus walking time from the bus stop to the final destination.
Although the initial and maintenance costs per stall of covered, multi-story garages are
much higher compared to the open surface lots, limited land area and increasing demand have
forced universities to build more parking garages. Since parking garages provide shelter and
limited access (more secure) to users, their permit prices are expected to be higher compared to
the open surface stalls. So far this chapter assumed that all the zones are open surface lots. Equation
(6) was built upon this assumption. Therefore, for a parking garage, the permit price needs to be
adjusted from 𝑃𝑏𝑎𝑠𝑒 obtained from Equation (5.3). Kenney (2014) demonstrated that the
maintenance cost of garages is three times higher than the maintenance cost of open surface lots.
Considering the cost or a stall in a parking garage is equivalent to the cost of providing three stalls
in open surface lots, the parking garage permit price adjustment factor may be written as:

𝑓𝑔 =

3×𝑁𝑆𝑔 +𝑁𝑆𝑠

(5.4)

𝑁𝑆𝑔 +𝑁𝑆𝑠

where


𝑓𝑔 is the parking garage permit price adjustment factor;



𝑁𝑆𝑔 is the total number of the parking stalls in parking garages on campus;



𝑁𝑆𝑠 is the total number of the parking stalls in open surface lots on campus; and

The adjusted annual permit price of a parking garage is then:
𝑔

𝑃𝑧 = 𝑃𝑧 × 𝑓𝑔

(5.5)
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where
𝑔



𝑃𝑧 is the adjusted price of parking permit in zone z which is a garage;



𝑃𝑧 is the price of parking permit in zone z assuming zone z has open surface stalls; and



𝑓𝑔 is the parking garage permit price adjustment factor.

5.3: Chapter Summary
Zoning is the most frequently used policy on campus parking management. Zones are
generally assigned based on the proximity to the campus core and students are asked to pay more
for the permits to park near the campus core. This chapter has proposed a methodology that can
be used for any university to group parking lots into zones, followed by determining the price of
student permits in each zone. The proposed Z2P2 methodology will be tested in Chapter 10.
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Chapter 6: Students Survey
6.1: Background and Purpose
A survey was conducted to better understand the student’s needs for parking and to develop
methods to assist UPOs in managing campus parking. In the last two chapters, the total demand
model predicts the proportion of all the students who will purchase parking permits, the base price
model and Z2P2 methodology defines zones and set the annual permit prices. The purpose of this
survey is to collect data that will help to answer Research Question 4 by developing a method to
distribute the total student parking demand to the zones. Moreover, this survey also acquires
statistics to understand students’ perception of the parking search time which will answer Research
Question 6.
6.2: Survey Instrument
It was determined that all classes of students from The University of Texas at El Paso
(UTEP) are acceptable survey subjects. A survey instrument was created which incorporated a
consent form, and questions about the subject’s classifications, permit type purchased, place to
spend most of the time on campus and opinion about the parking technologies and parking search
time. Both the consent form and the questions were reviewed and approved by the UTEP
Institutional Review Board (IRB). The consent form and the questions are in the Appendix. The
final version of the survey instrument consisted of 12 questions.
 Two questions on the participant’s classification and student status;
 Three questions on the participant’s daily driving behavior;
 Three questions on the participant`s daily parking behavior;
 One question on the location where the participant stays most of the time on campus;
 Two questions on the participant’s preferences about purchasing a parking permit and the use
ITS technologies in parking; and
 One question on the participant’s opinion about the performance of parking lots/zones related
to their parking search time.
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6.3: Survey Implementation
The author received the IRB approval on 2/27/2019. To advertise this survey and to recruit
more participants, flyers were prepared (Figure 6.1). The author contacted the editor-in-chief of
the UTEP student magazine (Prospector). News about the project and the survey were published
in the online issue of the magazine on 3/15/2019 (Prospector, 2019). Different methods were used
to increase the number of survey participants on campus:
(1)

Coordinating with various faculty members on campus to survey in their classes and ask the
students to fill the printed questionnaires. At the end of each survey day, the responses were
manually entered into the UTEP approved online survey tool called Questionpro.

(2)

Distributing the flyers about the online survey instrument at the places where students gather
and spend their time while they can conveniently reach their personal smart devices and
laptops. These places were the library, undergraduate learning center, union building, student
recreation center, etc.

(3)

Distributing the flyers at the parking lot entrances to the students who were walking towards
their vehicles while leaving the campus.

Figure 6.1 Student parking survey flyer
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6.4: Survey Results
A total of 1,022 responses were collected by 4/25/2019. To develop models using the
sample data with a population of 25,151 (Fall 2018 enrollment), the sample size to give a 95%
confidence level with a 5% margin of error was 379 (Israel, 1992). According to the data provided
by UTEP Center for Institutional Evaluation, Research, and Planning (CIERP), there were 9,430
student parking permit owners on campus. To have enough sample size to propose models
considering permit owners having the same confidence interval and margin of error, the number
of permit owners in the sample should be at least 370. Considering those facts and possible
incorrect or missing/unanswered entries for some questions, the author aimed to reach at least
1,000 participants. Outliers were detected using the interquartile range (IQR) rule, from the data
set. After removing outliers and other inconsistent entries, the remaining responses were analyzed
and presented below.
The remaining paragraphs in this section present the survey results. Discussions on the
findings are elaborated in Section 6.5.
The first two questions of the survey asked the participants to state their classifications and
status. Figure 6.2 shows the declared classifications and Figure 6.3 illustrates the student status.

Figure 6.2 Student classification
Since most of the surveys are conducted during the day-time, the majority of the
participants are full-time students. Part-time students coming for evening classes do not struggle
with the parking problem as much as day-time users.
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Figure 6.3 Student status
The next question asked participants to state their modes of travel from home/work to
campus. The majority of the participants (79%) reported that they drove their car (see Figure 6.4),
while alternative modes have less than 10% selection rate among the participants.

Figure 6.4 Travel preferences
UTEP’s UPO has a policy that restricts permit holders to park at their assigned lots allowed
with their parking permits. Nearby parking lots are categorized under the same zones and are coded
with the same colors. The next question of the survey asked students which parking permit type
(color) they purchased. Among 53% of students who declared they have a parking permit; the most
common permit type was the Blue permit (see Figure 6.5).
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Figure 6.5 Parking permit ownership
Understanding the students’ arrival time to campus is an important parameter that can be
used for morning peak traffic analysis. Students are asked how early they arrived at the campus
before their first classes. Based on the results, more than 60% of the students arrive within 30
minutes before their first classes (see Figure 6.6).

Figure 6.6 Campus arrival time
UTEP’s UPO designates 24 different parking lots where students can purchase a parking
permit and park their car. Permit owners are allowed to park in a particular lot. Cross parking
among the same colored parking lots is not allowed. Therefore, it can be concluded that if a student
has a parking permit, he/she has to park in the permitted lot only. One question in the survey asked
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participants where they park their vehicles. The distribution of parking lot choices is shown in
Figure 6.7.

Figure 6.7 Parking lot preferences
The next question of the survey asked students their mode choice for their last-mile travel
(see Figure 6.8). The majority of the UTEP students (77%) said that they walked to their final
destinations.
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Figure 6.8 Last mile travel mode choice
The UTEP campus was divided into 6 geographical areas and each student’s answer about
the area he/she stayed most of his/her time was aggregated. The results are illustrated in Figure
6.9. 31% of students prefer to stay in Area 6 followed by Area 5 and Area 4 with 20% and 16%
respectively. In Area 6 Engineering, Chemistry, and Computer Science buildings are located. Area
5 has Business Administration, Health Sciences and Library buildings. The undergraduate learning
center which has large classrooms is located in Area 4.

Figure 6.9 Location-based campus use

The survey found 982 students who ranked the most important factors when buying a
parking permit. For each alternative, the number of students who ranked first was multiplied by 3,
the number of students who ranked second was multiplied by 2, and the number of students who
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ranked the third was added to them. The weight sums were plotted using a pie chart (Figure 6.10).
The top three factors are (1) the cost of the permit, followed by (2) the walking time to the final
destination and (3) the ease of finding a parking stall.

Figure 6.10 Permit purchase factors
The final question asked the participants to describe their effort to find a parking spot using
the grades “A” to “E”, where “A” corresponds to very easy and “E” for very difficult. For each of
the grades, the students are asked to select a value in minutes that represents the maximum duration
for that grade. Some students either misunderstood the question and/or gave inconsistent answers.
After removing those and the outliers, the final results were plotted in Figure 6.11.
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Figure 6.11 Parking search time grading

6.5: Discussions
UTEP Center for Institutional Evaluation, Research, and Planning (CIERP) provided deidentified student records for the Fall 2018 semester. This data set is referred to as the CIERP
dataset which includes information that can be used in comparison and validation of the survey
dataset. Comparable information from the two datasets is listed in Table 6.1.
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Table 6.1 Comparison of CIERP and Survey datasets (Numbers)

Time of the Dataset
Number of Students
Number of Commuter Permit Holders
Freshman
Sophomore
Student classification

Junior
Senior
Graduate

Student status

Full-time
Part-time
Blue
Garage

Permit color

Green
Silver
Other
Area-1

Place on campus staying most of
the time (Fall 2017 class
registration dataset)

Area-2
Area-3
Area-4
Area-5
Area-6

CIERP Dataset

Survey Dataset

Fall 2018
25,151
9,430
18%
15%
22%
30%
15%
61%
39%
40%
33%
15%
8%
4%
5%
9%
14%
19%
24%
29%

Spring 2018
1.021
533
9%
20%
32%
27%
12%
86%
14%
40%
35%
15%
6%
4%
11%
6%
16%
16%
20%
31%

The most interesting finding from the results of the survey was the rate of the students who
park in the neighborhood near campus. 28.6% of the survey takers reported that they drove to
campus but did not park on parking lots provided by UTEP (see Figure 6.7). This indicates that
the parking problem is not only affecting the university community itself (students, faculty, staff,
visitors, and UPO) but also the neighborhood community.
6.6: Conclusions
A student survey was designed to recruit at least 1,000 participants. A total of 1,022
responses were collected between 03/01/2019 and 04/25/2019. The majority of the survey
participants reported that they prefer to drive their own car to campus. The distributions of permit
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zone (color) choice and the most stayed areas on campus are consistent with the actual deidentified institutional records.
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Chapter 7: Zone Demand Model
7.1: Chapter Introduction
Chapters 4 of this dissertation has developed the total student parking demand model and
the base price model, for the entire campus. Chapter 5 has proposed a methodology to assign
parking lots into zones and recommend the student parking permit prices for the zones. This
chapter will use the survey data gathered in Chapter 6, and a separate parking permit data set to
develop a model to answer Research Question 4: If the student parking zones and annual student
permit prices have been decided, how many students are expected to park in each zone?
7.2: Model Structure
The zone demand model is a two-level model. The upper level is known as Level 1, and
the lower level is known as Level 2. The two-level structure is modeled after the decision making
process which involves one question after another. Figure 7.1 shows the two-level decision tree
structure and in each level the choices. The Level 1 model predicts a student’s parking needs. The
choices are (i) purchase a permit to park on campus; (ii) park in the neighborhood; or (iii) do not
need parking. If a student decides to purchase a permit to park on campus, the Level 2 model will
then predict which zone this student is likely to park. The data sets for each level are selected based
on the available information of the input parameters. The detailed information about data set
selection is shared in the next section.

53

Figure 7.1 Structure of the two-level zone demand model

7.3: Data Sets
Two data sets will be used to develop the Level 1 and Level 2 models:
(1) Data gathered from the survey described in Chapter 6. This data set is referred to as the Survey
Dataset; and
(2) De-identified student records for the permit holders, provided by the UPO. This data set is
referred to as the UPO Dataset.
The Survey Dataset consists of each participant’s answers to the survey questions. The attributes
of the Survey Dataset are listed in Table 7.1. Since this data set provides information about
student’s mode choice to campus and information about neighborhood parkers, this data set is
proposed to be used to develop the Level 1 model.
The UPO Dataset, on the other hand, consists of the permit purchase records of all the
permit holders. The attributes that are supplied with the UPO Dataset are also listed in Table 7.1.
The main advantage of the UPO Dataset is that it has detailed information about all the students
who have parking permits. The limitations of the UPO Dataset are (i) it does not have information
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about individual student’s arrival times on campus; (ii) where he/she spent most of the time on
campus (the final destinations); and (iii) the average parking search time or effort. The UPO
Dataset will be used to develop the Level 2 discrete choice model to predict the student parking
demand distribution by zone among the permit holders.
From Table 7.1, it is obvious that these two data sets have different attributes and different
number of records. The sample size for the Survey Dataset is much smaller than the sample size
of the UPO Dataset. In fact, the UPO Dataset covered the entire student population who purchased
parking permits. Because the Level 1 and Level 2 models will be developed using different data
sets, the coefficient estimation processes are independent and therefore the overall decision tree in
Figure 7.1 is not a nested model.

Table 7.1 Comparison of UPO and Survey datasets (attributes)
Student classification
Freshman, sophomore, junior, senior, graduate
Student status
Full-time, part-time
Class Schedule
Registrations by 1 or 1.5-hour blocks on weekdays
ZIP code
5-digit zip codes
Type of parking permit owned
UPO: lot name
Survey: No permit, remote, perimeter, silver, garage, others
Mode of transportation from home to campus
Walk, drive alone, bus, carpool, bicycle, motorcycle, others
Arrival time prior to 1st class
0-15, 15-30, 30-45, 45-60, >60 minutes
Mode of transportation for last-mile
Walk, shuttle bus+walk, bicycle
Place on campus staying most of the time
Areas 1, 2, 3, 4, 5, 6
Factors considered when buying a permit
Ranked 1, 2 and 3 among a list of 6 factors
Effort when searching for an empty stall
N.A., very easy, easy, moderate, difficult, very difficult,
unacceptable
Level of Service criteria
Thresholds in 1-minute interval
Preferred ITS services
Ranked 1, 2 and 3 among a list of 8 ITS services
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7.4: Methodology
Disaggregated discrete choice models are models for predicting individual’s decisions.
Such choice models predict an individual’s probabilities of choosing between two or more discrete
alternatives, as a function of several attributes. They are widely used in modeling human behaviors
to analyze the effect of the attributes while selecting one of the alternatives. In transportation
engineering, discrete choice models are commonly used in analyzing mode choices (Hensher and
Greene, 2003). Those are also used in the crash analysis to explain the contributing factors (Milton
et al., 2008; Cerwick et al., 2014). Some of the widely used choice models are MultiNomial Logit
(MNL), MiXed Logit (MXL) and Nested Logit (NL) models.
In the context of this dissertation, two disaggregated discrete choice models will be
developed, for Level 1 and Level 2 respectively. The decision-makers are the students while the
discrete alternatives are defined respectively in the two levels (see Figure 7.1).
7.4.1: Level 1 Model
The Level 1 model predicts a student’s parking need. The alternatives are: (i) purchase a
permit to park on campus; (ii) park in the neighborhood; or (iii) do not need parking. The Level 1
decision is the outcome of the student’s transportation mode. This model requires data that
provides information about students who park on campus, students who park in the neighborhood
as well as students who use other modes of transportation (that do not need parking). If the study
is desired to be extended including other modes of transportation, it also must include information
about students who do not drive to campus and who park in neighborhood of campus. Therefore,
Level 1 model should be developed by using Survey Dataset.
The above discussions describe a decision tree with three branches. Another way to model
the same decision is to draw a decision tree with two sub-levels. The first sub-level represents the
student’s parking needs. The choices are (i) need parking; and (ii) do not need parking. If the
student needs parking, the second sub-level tree will decide the general area where he/she will
park: (i) on campus or (ii) in the neighborhood. (see Figure 7.2). This Level 1 decision tree is
similar to a nested model.
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Figure 7.2 Alternative structure of the two-level discrete choice model
For the Level 1 model, the attributes that may have an impact on the decisions are those
commonly used in making mode choice decisions. In the Survey Dataset, these possible attributes
are listed in the rightmost column in Table 7.1.
7.4.2: Level 2 Model
The Level 2 model predicts the student’s desired parking zones for those who wants to park
on campus. This second-level model can be developed by using the UPO Dataset which provides
the student permit holders data for the entire campus. Unlike Level 1, Level 2 choice modeling
does not have any preselection, therefore, there is one decision tree. The choice set consists of all
the student parking zones. The possible attributes are student’s classification, student’s status, the
closeness of student’s residency to campus, permit price, LMTT, zone capacity, shuttle service
availability, and parking garage availability (see Table 7.1, under the UPO Dataset column).
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7.5: Model Development
The problem of selecting an alternative involves attributes that are both case (student) and
alternative specific. Case-specific attributes are unique to the individuals, i.e., their values depend
on the decision-makers. Examples of case-specific attributes are student status, student
classification, zip code and mode of transportation from home to campus. Alternative specific
attributes, such as zone permit price, zone capacity, and availability of transit are the characteristics
of a zone that remain the same for all the decision-makers. Moreover, some parameters which may
have an influence on an individual’s decisions can be random variables.
The MNL model (McFadden, 1973) is one of the most commonly used discrete choice
model. Once the MNL model’s choice set and attributes have been defined, its coefficients can be
estimated easily. However, the MNL model has a restriction in distributing the random error terms,
which causes the Independence of Irrelevant Alternatives (IIA) issue. The MXL and NL models
avoid the IIA issue by relaxing the independence between the error terms. (Washington et al.,
2010).
The MXL model, also called the random parameters logit model, was selected as the model
form for both levels (Level 1 and Level 2). The MXL model is more flexible than the MNL model
(Romo et al., 2013) because it allows the coefficients of certain attributes to be random. That is, in
an MXL model, some of the coefficients are not fixed but follow certain probability distributions.
In this way, the MXL model has the ability to represent the variations of the importance of an
attribute to different decision-makers (McFadden and Train, 2000).
The choice probability of an MXL model is expressed as follows:
𝑒 𝐱𝑖𝑧

𝑃𝑖 (𝑧) = ∫ ∑𝑛𝑧

𝑗=1

𝑒 𝐱𝑖𝑧

∗ 𝑓() 𝑑

(7.1)

where:


𝑃𝑖 (𝑧) is the probability of student i choosing alternative z;



𝑗 is the index for alternatives;



𝑛𝑧 is the total number of alternatives in the choice set;



𝑓() are the probability density functions of coefficients;



 is a set of coefficients; and



𝐗 𝑖𝑧 is the set of attribute values of student i with alternative z.
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The coefficients  of the MXL model can be estimated from utility maximization theory
(Hensher and Greene, 2003).
When the above MXL model is applied to model the Level 1 decisions, using the decision
tree which has three branches, z denotes the parking needs, j is the index for parking needs, 𝑛𝑧 =3.
When the above MXL model is applied to model the Level 2 decisions, z is a student parking zone,
j is the index for student parking zones, 𝑛𝑧 is the number of student parking zones. Once the zone
demand model has been developed, it can be applied to forecast 𝑃𝑖 (𝑧) for a student in a future
year using the 𝐗 𝑖𝑧 values in the future year as the inputs. The total parking demand for zone z is
then
𝑌̂

1
𝐷𝑧 = 𝑌̂1 ∑𝑖=1
𝑃𝑖 (𝑧)

z=1, 2, ….., nz

(7.2)

where:


𝐷𝑧 is the zone demand, or the number of students expected to purchase permits to park in zone
z;



𝑌̂1 is the total student parking demand for the entire campus.

The NL model is considered as an alternative to model the commuter students’ choices in the first
level (Figure 7.2). In the NL model, the student first decides to drive or not to drive to the campus.
If the decision is to drive, the next decision is whether to park on campus or in the neighborhood.
The two-level decision tree is considered as an NL model because the coefficients of their
attributes will be estimated from the same data set (Survey Dataset). The probability expression is
structured by unconditional and conditional cases that form the decision tree of the model. The
expressions are as follows:

𝑃𝑖 (𝑎) =

𝑒 𝛽𝑎 𝑥𝑎𝑖 +µ𝑎 𝐿𝑆𝑎𝑖

(7.3)

𝑛
𝛽 𝑥 +µ 𝐿𝑆
∑𝑗 𝑎 𝑒 𝑗 𝑗𝑖 𝑖 𝑗𝑖

𝑃𝑖 (𝑘|𝑎) =

𝛽
𝑥
𝑒 𝑘|𝑎 𝑗𝑖

(7.4)

𝑛
𝛽
𝑥
∑𝑗 𝑎 𝑒 𝑘|𝑎 𝑗𝑖

𝛽𝑗|𝑎
𝐿𝑆𝑎𝑖 = 𝐿𝑁[∑𝑛𝑎
𝐽 𝑒

𝑥𝑗𝑖

]

(7.5)
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where:


𝑃𝑖 (𝑎) is the probability of student i selecting an alternative of a;



𝑗 is the selection index;



𝑛𝑎 is the total number of alternatives;



𝑃𝑖 (𝑘|𝑎) is the conditional probability of alternative k given the alternative a;



𝐿𝑆𝑎𝑖 is the log-sum or inclusive value; and



µ𝑖 is the parameter associated with the inclusive value; 0<µ𝑖 < 1.

With the NL alternative, model developer has chance to compare the MXL model findings. If the
MXL model converges to better results, Level 1 can be developed under MXL, otherwise NL
modeling is adviced to be selected.
7.6: Chapter Summary
This chapter proposes the use of MXL and NL models, to be calibrated with the Survey
Dataset and UPO Dataset respectively, to predict the number of students who will purchase permits
at the various zones on campus. This methodology also simultaneously estimates the number of
students who will park in the neighborhood. The application of this proposed zone demand model
will be demonstrated via a case study in Chapter 10.
The methodology is structured as a two-level decision tree. The Level 1 tree makes the
parking needs decision and if parking on campus is desired, the Level 2 selects the parking zone
on campus. The MXL model has been proposed for the lower level while the upper level has the
options of using the MXL or NL model. Depending on a campus setting, its parking management
policy, transportation/parking choices available to students, and available data. The methodology
may be modified by (a) changing the choice set; (b) changing the attributes; (c) changing the form
of discrete choice model; and/or (d) changing the decision tree structure.
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Chapter 8: Class Schedule-Based Temporal Zone Demand Estimation
8.1: Chapter Introduction
Moradkhany et al. (2015) developed an activity-based model using data from the
University of Akron. They showed that with proper class schedule adjustments, the parking
demand could be distributed more evenly, resulting in an average saving of 20% in parking search
time. To the best of the author’s knowledge, this study was the only one that discussed the effect
of class schedule on parking search time. The activity-based approach to parking demand
prediction was tested for different class schedules to reduce the parking search time. The
University of Akron allowed students to park in any lot on campus. This scheme is equivalent to
have only one zone on campus. Whereas, most of the universities have pre-defined parking zones
where only particular permit holders can park. There is still no model that uses class schedule to
predict zone-based hourly occupancy.
This chapter answers Research Question 5: If the class schedule of a future semester has
been fixed but students have not registered for the classes, how to estimate the temporal variation
of student parking demand in each zone? This chapter develops a methodology to estimate the
variation of parking demand in a day for a zone based on the class schedule in a future semester.
The temporal parking demand for a zone (or simply called temporal zone demand) is expressed as
the number of students who desire to park in zone z during the different class periods p over a day.
This expected demand curve reflects the potential underutilization and/or congestion level. This
helps a UPO to decide on the number of permits to sell for the zone. Although this temporal
demand estimation methodology is for a zone, it is also applicable to the entire campus (the
maximum area of one zone) and a lot (the minimum area of one zone).
Three knowledge gaps of linking student parking demand with class schedule are: (1) the
relationship between a student’s arrival time and his/her first class of the day; (2) the relationship
between a student’s departure time and his/her last class of the day; (3) the accuracy of course
registration data (number of students registered in each course). The first two challenges are
partially avoided by developing relatively simple arrival time and departure time models using
aggregated survey data with a time resolution equal to one class period. The number of students
registered for a course is accurately known after the semester has begun (officially on the census
day of the semester). This number is too late to be used to predict the parking demand and to
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determine the number of parking permits to sell. Therefore, historical course registration data,
combined with course capacity and enrollment grow rate are proposed as inputs to project the
future course registration statistics.
8.2: Parking Demand and Class Schedule
A preliminary analysis was conducted using data collected on the entire UTEP campus to
demonstrate that student parking demand is correlated with the class schedule. Figure 8.1 plots the
number of stalls occupied by vehicles displaying student parking permits in parking lot GR-2
(Glory Road 2) versus the number of students who registered for all the courses that had class
meetings at the same time. The number of occupied stalls at GR-2 was counted in different weeks
on the same day (Tuesday) in Fall 2017 (11/7/2017 and 11/14/2017). This figure illustrates that
the stall utilization of a zone is correlated with the number of students who registered for courses

Number of students registered for courses
that had classes at the same time
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Figure 8.1 Number of occupied stalls in UTEP parking lot GR-2 versus class registration
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8.3: Methodology
In most universities, the Registrar Offices (ROs) maintain information about class
schedules and course registrations. The class schedule data include the course names, class meeting
times, venues, and course capacities. The course registration data consists of the number and names
of students registered in each course. The RO usually keeps that course registration data for the
current and the past semesters. It also plans the class schedule one or two semesters into the future.
This chapter proposes a methodology to predict 𝑂𝑧𝑝 , the parking demand of zone z over
different periods p in a weekday for a future semester. The methodology consists of two phases.
Each phase consists of multiple steps.
This concept behind this methodology is the 𝑛𝑧 × 𝑛𝑎 “last-mile O-D matrix”, with
𝑝
elements denoted by 𝑇𝑧𝑎
(the number of “last-mile” trips made by students from zone z to area a

on campus in time period p to attend classes), 𝑧 = 1,2, … , 𝑛𝑧 ; 𝑎 = 1,2, … , 𝑛𝑎 . Knowing the class
schedule and course registration data, 𝐷𝑎𝑝 , the total number of students expected to attend classes
in the area a during class period p, can be estimated. The “last-mile O-D matrix” provides the link
through which back-calculation may be performed to estimate 𝑂𝑧𝑝 from 𝐷𝑎𝑝 . It should be noted
that, in order to construct the 𝑂𝑧𝑝 profile over different class periods in a day, the concept of “lastmile O-D matrix” must be applied to each class period p. One may argue that, in each p, some of
the students among the 𝑂𝑧𝑝 have arrived earlier and had made their “last-mile” trips from z to a.
𝑝
The 𝑇𝑧𝑎
becomes an overestimate of the actual “last-mile” trips. However, the methodology
𝑝
𝑝
presented here is not to estimate 𝑇𝑧𝑎
as physical trips. The 𝑇𝑧𝑎
is only a mechanism that links

the number of students who are attending classes in area a on the campus during class period p to
their vehicles’ parking zones z. In other words, the “last-mile O-D matrix” helps to answer the
question “of those students who drive to and park on campus, and are attending classes in the area
a in class period p, where do these students park their vehicles?” The underlying assumptions are
(i) these students may move their vehicles when they attend classes in different areas on the same
day; (ii) the zone capacity does not have an effect on parking behavior.
Phase 1 – Data collection and preparation
1.1. Discretize the time of a day into class periods (typically 1 hour or 1 hour 30 minutes).
Therefore, the time is denoted by discrete class period p=1, 2, 3, …., 𝑛𝑝 where 𝑛𝑝 is the
maximum number and last period of the day.
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1.2. Obtain from the RO the class schedules in the future semester of interest and the course
capacities. Denote, for each course c, the instruction time period as 𝑝𝑐 , the venue as 𝑣𝑐 , the
capacity (minimum of the course capacity and venue capacity) as 𝐶𝑐 . Therefore, the class
information may be expressed as {𝑐, 𝑝𝑐 , 𝑣𝑐 , 𝐶𝑐 }.
1.3. Obtain from the RO the class schedules in the past semesters. For each course, compute the
load factor from the past statistics. The load factor is defined as the number of registered
students divided by the course capacity 𝐶𝑐 . The load factor is denoted by 𝑓𝑐 , 0 ≤ 𝑓𝑐 ≤ 1.
1.4. Obtain from the RO the growth factor in campus enrollment between the past semester and
the future semester. Denote this enrollment growth factor as 𝑓𝑒 .
1.5. Divide the campus into 𝑛𝑎 areas same as in the student survey. Denote each area as a=1, 2,
3, …, 𝑛𝑎 .

In each area a, identify all the class venues 𝑣𝑐 ∈ 𝑎.

1.6. Obtain, from the previous year’s parking records, the number of student parking permits sold
in each zone (𝐻𝑧 ). The proportion of the values with the student survey findings provides the
survey adjustment factor. Denote this adjustment factor as 𝑓𝑎
1.7. Obtain from the survey the “last-mile O-D matrix”. Each element in this metric, denoted by
𝑇𝑧𝑎 , is the number of last-mile trips from zone z to area a. This is the number of survey
respondents who answered that they parked in zone z but spend the majority of his/her time
in area a. From the data in this table, the proportion of students who parked in zone z but
have activities most frequently in area a is derived from
𝑇

𝑑𝑧𝑎 = ∑𝑛𝑧𝑧𝑎𝑇

𝑧=1 𝑧𝑎

a=1, 2, 3, …, 𝑛𝑎

(8.1)

Phase 2 – Computations
2.1. For every course in the future semester, compute the expected number of registered students.
The expected number of registered students for class c is:
𝑅𝑐 = 𝐶𝑐 × 𝑓𝑐 × 𝑓𝑒

∀𝑐

(8.2)

2.2. For every period p, estimate the total number of students attending classes in every area a.
The total number of students attending classes during period p in the area a is:
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𝐷𝑎𝑝 = ∑𝑝𝑐=𝑝,𝑣𝑐∈𝑎 𝑅𝑐

a=1, 2, 3, …, 𝑛𝑎 ; p=1, 2, 3, …, 𝑛𝑝

(8.3)

2.3. Assume that these students park their vehicles in the different zones z=1, 2, 3, …, 𝑛𝑧 and
proceed to attend classes in the different areas a=1, 2, 3, …, 𝑛𝑎 . The number of “last-mile”
trips between zones (origins) and areas (destinations) may be expressed in an O-D table (see
Table 8.1). Each period p has a table. In the table, say for period p, 𝐷𝑎𝑝 for a=1, 2, 3, …,
𝑛𝑎 have been computed from Equation (8.3) based on course registration data. The aim of
𝑝

𝑝

this step is to distribute 𝐷𝑎 (column sum) into 𝑇𝑧𝑎 for z=1, 2, …., 𝑛𝑧 (cell values in the
same column). This can be done by:
𝑝
𝑇𝑧𝑎
= 𝐷𝑎𝑝 × 𝑑𝑧𝑎 × 𝑓𝑎

a=1, 2, 3, …, 𝑛𝑎 ; z=1, 2, 3, …, 𝑛𝑧

(8.4)

𝑝
At the end of this step, for each p, the O-D matrix has all the 𝑇𝑧𝑎
values. These values

represent the number of students who will be in area a during class period p, but their vehicles are
expected to be parked in various zones z. Repeat this step for p=1, 2, …., 𝑛𝑝 . At the end of this
step, there will be 𝑛𝑝 O-D matrix,

Table 8.1 Origin Destination table for time period “p”
Origin/Destination

Area
a=1

Area 2
a=2

…

…

…

Area
a=na

𝑂𝑧𝑝

Zone z=1

𝑝
𝑇11

𝑝
𝑇12

…

…

…

𝑝
𝑇1,𝑛𝑎

𝑂1𝑝

Zone z=2

𝑝
𝑇21

𝑝
𝑇22

…

…

…

𝑝
𝑇2,𝑛𝑎

𝑂2𝑝

Zone z=3

𝑝
𝑇31

𝑝
𝑇32

…

…

…

𝑝
𝑇3,𝑛𝑎

𝑂3𝑝

Zone z=4

𝑝
𝑇41

𝑝
𝑇42

…

…

…

𝑝
𝑇4,𝑛𝑎

𝑂4𝑝

… … …

… … …

… … …

… … …

… … …

Zone z=nz

𝑝
𝑇𝑛𝑧
,1

𝑝
𝑇𝑛𝑧
,2

…

…

…

𝑝
𝑇𝑛𝑧,𝑛𝑎

𝑝
𝑂𝑛𝑧

𝐷𝑎𝑝

𝐷1𝑝

𝐷2𝑝

…

…

…

𝑝
𝐷𝑛𝑎
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𝑝

2.4. For each O-D matrix (period p), for each row (z), sum the 𝑇𝑧𝑎 across columns (a=1, 2, 3, …,
𝑛𝑎 ):
𝑛

𝑝
𝑎
𝑂𝑧𝑝 = ∑𝑎=1
𝑇𝑧𝑎

p=1, 2, …., 𝑛𝑝 ; z=1, 2, …., 𝑛𝑧 ;

(8.5)

The sum, 𝑂𝑧𝑝 is the parking demand of all the students who are attending classes in all the
areas during class period p, but want to park their vehicles in various zones.
2.5. The temporal parking demand curve for zone z is the plot of 𝑂𝑧𝑝 versus p. A hypothetical

5:00-6:00

4:00-5:00

3:00-4:00

2:00-3:00

1:00-2:00

12:00-1:00

11:00-12:00

10:00-11:00

9:00-10:00

8:00-9:00

7:00-8:00

Number of stalls occupied in zone z

example of the temporal parking demand curve is shown in Figure 8.2.

Time

Figure 8.2 Example of temporal zone parking demand curve
The above steps (1.1 to 2.5) describe the methodology of obtaining the temporal zone
parking demand curve for one day of class schedule only. To determine the peak demand of a zone
in a week, the above methodology must be repeated for the different days within a week that have
different class schedules. For example, the computations may be performed twice, one for the
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course schedule on Monday, Wednesday and Friday, and another one for the course schedule on
Tuesday, and Thursday.
Phase 3 - Decision
As mentioned, the temporal zone parking demand curve helps a UPO to make decisions on
how many parking permits to sell for each zone. The demand curves also inform the UPO the most
congested class periods in a week, so that more resources may be deployed in the field to enforce
rules.
The number of permit holders per zone in the upcoming semester is the total number of
permits put in the market for sales by the UPO. Different UPOs have different decision rules on
the number of permits to put up for sales. This decision depends on several factors:


Zone capacity (𝐶𝑧 ) ;



Temporal zone demand, 𝑂𝑧𝑝 , estimated in this Phase 2, for multiple days in a week;



Historical number of permits sold. This may be the number of permits sold in the current
semester or the same semester in the last academic year.

The above considerations impose several constraints. For example, the total number of permits
sold for a zone theoretically cannot exceed the zone’s capacity. However, not all the permit holders
have classes in the same period (even duing the most congested period). Therefore, the majority
of the UPOs sell more permits than the capacity. There is no scientific method to determine the
total number of oversold permits for each zone. This is one of the many questions for future
research. Some UPOs have additional rules that limit the change in the total number of permits
sold from one semester to the next. This dissertation does not recommend any decision rule. This
Chapter focuses on answering Research Question 6 by developing a methodology to predict
temporal zone demand from the class schedule. The output is a series of demand curves for 𝑂𝑧𝑝
which serve as additional inputs for UPO to decide on the total number of permits that should be
sold for each zone.
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8.4: Chapter Summary
This chapter has proposed a methodology named Class Schedule-Based Temporal Zone
Demand Estimation to predict the variations of student parking demand over time for each zone.
The methodology first makes use of the class schedule to estimate the number of students who will
attend class in different areas of the campus. It then uses the concept of the O-D matrix to link the
attendees in each of the areas on campus (the destinations) to their parking zones (the origins). The
purpose of making such predictions is to provide data for UPOs to make decisions on the number
of permits to sell for each zone in the future semester. Its application will be demonstrated in
Chapter 10 using the class schedules and survey data at UTEP as an example.
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Chapter 9: Level of Service Criteria and Estimation
9.1: Chapter Introduction
This chapter answers Research Question 6: How should the performance of a university
campus’ parking system in serving its students be evaluated? Performance measurement is an
extensively used tool by agencies to give a general idea about the subject’s condition (Litman,
2003). The most common way to measure the performance of the quality of a traffic service is
Level of service (LOS).
9.2: Review of Level of Service Criteria
The concept of LOS was first formally introduced in the 1965 Highway Capacity Manual
(Roess, 1984). Since then guidelines to determine the LOS, known as the LOS criteria, have been
developed for many types of highway facilities, including at grade intersections Figures 9.1 and
9.2. All of them express the performance of a facility in serving the users by A to F letter grades.
For a particular type of facility, the A to F grades is determined by some measures of user
experience (such as delay and speed), with specific threshold values.

Table 9.1 LOS criteria for signalized intersections (HCM, 2016)
Level of Service

Average Control Delay
(seconds/vehicle)

A
B
C

≤10
>10 ̶ 20
>20 ̶ 35

D

>35 ̶ 55

E
F

>55 ̶ 80
>80

General Description
Free flow
Stable flow (slight delays)
Stable flow (acceptable delays)
Approaching unstable flow (tolerable delay,
occasionally wait through more than one signal cycle
before proceeding)
Unstable flow (intolerable delay)
Forced flow (congested and queues fail to clear)

69

Table 9.2 LOS criteria for unsignalized intersections (HCM, 2016)
Level of Service

Average Control Delay
(seconds/vehicle)

A
B
C

≤10
>10 ̶ 15
>15 ̶ 25

D

>25 ̶ 35

E
F

>35 ̶ 50
>50

General Description
Free flow
Stable flow (slight delays)
Stable flow (acceptable delays)
Approaching unstable flow (tolerable delay,
occasionally wait through more than one signal cycle
before proceeding)
Unstable flow (intolerable delay)
Forced flow (congested and queues fail to clear)

The LOS criteria for any type of parking facility has not been established in the Highway
Capacity Manual (HCM, 2016). The only guidelines for parking are found in AASHTO (2018)
and “Parking Structures” (Chrest et al., 2012). AASHTO follows HCM’s A to F grades but applied
to evaluate the physical dimensions of the parking stalls. Chrest et al. (2012) defined 4 grades of
LOS for parking garages in the “Parking Structures” book (Figure 9.1). However, this book only
focuses on parking garages which relates LOS criteria mainly with the physical dimensions and
the available infrastructure. Both AASHTO and Parking Structures manuals do not reflect the most
important user experience which is the search time.
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Figure 9.1 LOS Criteria for parking structures (Chrest et al., 2012)

9.3: Methodology
This chapter establishes the LOS criteria for student parking on university campuses based
on the responses of the students survey. Letter grades from A to F are assigned to LOS based on
the average parking search time, defined as the average time it takes for a driver to find an empty
stall where he/she has the permit to park. Table 9.3 describes the user experiences that correspond
to the A to F grades.

Table 9.3 LOS grades and their meaning
LOS
A
B
C
D
E
F

User experience: ease of finding a stall to park
Very easy: can find a stall to park immediately
Easy: can find a stall to park after a short time
Moderate: can find a stall to park after some time
Difficult: can find a stall to park after a while
Very difficult: can only find a stall to park after a long time
Unacceptable
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9.3.1 LOS Criteria for Parking Search Time
This sub-section describes the development of the LOS criteria for parking search time
based on the data gathered from the students survey. The discussions use the following notations:
𝑡 = parking search time (minutes);
𝑡̅ = average parking search time (minutes);
𝑔 = LOS grade, or simply LOS, 𝑔= {A, B, C, D, E, F};
𝑡𝑔𝑚𝑎𝑥 = the maximum parking search time for LOS 𝑔;
𝑡𝑔̅𝑚𝑎𝑥 = the average or median maximum parking search time for LOS 𝑔.
The last question of the survey described in Chapter 6 asked students to select the parking
search times (in one-minute increments) that he/she felt were the maximum values for LOS A to
E. That is, each participant was asked to state his/her 𝑡𝑔𝑚𝑎𝑥 , for g=A, B, C, D, E, respectively.
Therefore, after analyzing the distributions of 𝑡𝑔𝑚𝑎𝑥 from all the responses for each LOS, 𝑡𝑔̅𝑚𝑎𝑥
could be identified to define the LOS according to Table 9.4.

Table 9.4 Intervals for average search time
LOS
A
B
C
D
E
F

Interval for average search time
0 < 𝑡̅ ≤ 𝑡𝐴̅𝑚𝑎𝑥
𝑚𝑎𝑥
𝑡𝐴̅
< 𝑡̅ ≤ 𝑡𝐵̅ 𝑚𝑎𝑥
𝑡𝐵̅ 𝑚𝑎𝑥 < 𝑡̅ ≤ 𝑡𝐶̅ 𝑚𝑎𝑥
𝑡𝐶̅ 𝑚𝑎𝑥 < 𝑡̅ ≤ 𝑡𝐷̅ 𝑚𝑎𝑥
𝑡𝐷̅ 𝑚𝑎𝑥 < 𝑡̅ ≤ 𝑡𝐸̅ 𝑚𝑎𝑥
𝑡̅ > 𝑡𝐸̅ 𝑚𝑎𝑥

During the analysis, some inconsistent entries were found. Based on the interquartile range
(IQR) rule, outliers were removed from the data set. After removing outliers and other inconsistent
entries, the remaining data were used to produce the graphs in Figure 9.2.
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Figure 9.2 Maximum parking search time for student’s survey responses

Figure 9.2 plots the distributions of 𝑡𝑔𝑚𝑎𝑥 for LOS g=A, B, C, D, E. For each LOS, the
mean values of each distribution were picked as the 𝑡𝑔̅𝑚𝑎𝑥 . The selected values were rounded to
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the nearest 0.5 minutes. The LOS criteria, in the same format as the Highway Capacity Manual
are shown in Table 9.5.

Table 9.5 LOS criteria for parking search time (mean)
Level of
Service
A
B
C
D
E
F

Average Parking Search
Time (minutes/vehicle)
0 ̶ 2.5
>2.5 ̶ 4.5
>4.5 ̶ 7.5
>7.5 ̶ 10.5
>10.5 ̶ 14
>14

User experience
Very easy: can find a stall to park immediately
Easy: can find a stall to park after a short time
Moderate: can find a stall to park after some time
Difficult: can find a stall to park after a while
Very difficult: can only find a stall to park after a long time
Unacceptable

Table 9.6 is prepared with the median value of each distribution of 𝑡𝑔𝑚𝑎𝑥 as the 𝑡𝑔̅ 𝑚𝑎𝑥 ,
rounded to the nearest 0.5 minutes. as 𝑡𝐸̅ 𝑚𝑎𝑥 was rounded to the nearest 5 minutes.

Table 9.6 LOS criteria for parking search time (median)
Level of
Service
A
B
C
D
E
F

Average Parking Search
Time (minutes/vehicle)
0 ̶ 2
>2 ̶ 4
>4 ̶ 7
>7 ̶ 10
>10 ̶ 15
>15

User experience
Very easy: can find a stall to park immediately
Easy: can find a stall to park after a short time
Moderate: can find a stall to park after some time
Difficult: can find a stall to park after a while
Very difficult: can only find a stall to park after a long time
Unacceptable

The above tables are constructed based on the distributions of raw survey data. Another
approach is to fit probability distributions to the 𝑡𝑔𝑚𝑎𝑥 for each LOS and then use the mean or
median of the fitted distribution as 𝑡𝑔̅ 𝑚𝑎𝑥 . With this, the LOS criteria for parking search time can
be recommended.
9.3.2 Estimation of Parking Search Time
In Sub-Section 9.2.1, the LOS criteria for parking search time was developed. The LOS
criteria may be applied to a driver, but more importantly to a zone or the entire campus. This subsection describes the methods of estimating 𝑡̅ so that the LOS can be determined.
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A UPO may be interested to know the LOS of parking search time for a zone (zone z) at
present or in the future, say when evaluating the impact of a change in parking policy. The license
plate matching technique may be modified and implemented to survey the parking search time.
There are several ways of implementing the modified license plate matching technique.
The simplest way, for a zone that has controlled access points, is briefly described in the
following steps:
1. Position one observer at each entrance of zone z;
2. Position one or several observers (or as many as needed) in zone z;
3. The observer at each entrance records the license plate number and time of arrival of every
vehicle (𝑡1 );
4. An observer inside the zone records the license plate number and time the vehicle successfully
found a parking stall (𝑡2 ). For consistency in data collection, 𝑡2 may be defined as the time a
vehicle first pulls into a stall (i.e., all the wheels are within the marked stall area);
5. After matching the license plate number from the data collected by the observers, the search
time for a vehicle is calculated as 𝑡 = 𝑡2 − 𝑡1 ;
6. The average value of 𝑡 is then used as 𝑡̅ to determine the LOS.
7. If the entering vehicle cannot find an available stall and gives up its search, in other words
there is no 𝑡2 , it is assumed that 𝑡2 is the time the next vehicle leaves its parked stall.
For a zone with open access (too many entry points), it may be impractical to have many observers
covering all the entrances. The recording of 𝑡1 will have to be made at fewer points along the
streets leading to the entrances. In this case, the recorded 𝑡1 includes the travel time from the data
collection point to the entrances. Therefore, the actual 𝑡1 used in the calculation of 𝑡 = 𝑡2 − 𝑡1
should exclude the free-flow travel time from the data collection point to the zone’s entrances.
Alternatively, data collection can be done by individual vehicles using a similar approach
to the floating car method. Floating car is a data collection method to determine the traffic speed
or travel time on a road network-based mobile device located on a floating car on the network. The
concept is to have a driver driving a vehicle as the floating car to make repeated measurements. In
the parking study, the floating car method can be modified to determine 𝑡̅ by following the steps:
1. Select the zone (z) to conduct the study;
2. Stop the floating car after entering the parking lot and record the time of entry (𝑡1 );
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3. Start searching for parking and park at the nearest empty stall and record the time the vehicle
pulled into the stall for the first time (𝑡2 );
4. The parking search time for the maneuver is calculated as 𝑡 = 𝑡2 − 𝑡1;
5. That 𝑡 value is used to determine the LOS for that particular time. If there are multiple
observations in a time interval, the average value 𝑡̅ is used to determine the LOS.
The above discussions describe the estimation of 𝑡̅ to determine the LOS of one zone. The LOS
for multiple zones or the entire campus is determined by the 𝑡̅ of the zones of interest, which may
be the of 𝑡̅ of each zone weighted by the number of vehicles that sought parking stalls in that zone.
LOS may be estimated hourly, or at 15-minute intervals.
9.4: Chapter Summary
In this chapter, the concept of LOS has been introduced to evaluate the operational
performance of parking infrastructure on university campuses. The LOS criteria for parking search
time have been proposed and the thresholds for LOS A to F have been determined from the data
obtained the students survey described in Chapter 6. The application of the LOS criteria, also
known as the LOS analysis, will be demonstrated in Chapter 10.6.
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Chapter 10: Case Studies
10.1: Chapter Introduction
University Parking Offices (UPOs) need to make parking management decisions at
different times of the year, especially at the beginning of a semester. This dissertation attempted
to provide supporting tools in their decision making process. The previous chapters have
introduced different models and LOS criteria. Those models can be used by UPOs when needed.
Figure 10.1 demonstrates a possible decision procedure for a UPO
The total demand and base price models require different information about campus
characteristics and student demographics. The Z2P2 methodology uses the base permit price (the
output of the base price model), available parking infrastructure, and UPO’s policy to set the zones
and the corresponding zone permit prices. The zone demand model predicts the demand
distribution on and off-campus. Class schedule-based temporal zone demand estimation allows
UPOs to see the effects of class schedule on hourly parking occupancy. Finally, the LOS are
proposed to evaluate the performance of a zone. Parking search time is directly linked to the LOS
for the parking lot.
This chapter presents the applications of the models and methodologies described in the
previous chapters. This chapter is organized as follows:


Section 10.1 applies the total demand model and base price models separately to five university
campuses and compares the outputs with the actual values. Then a “what if” scenario was built
to illustrate the iterative solution approach to simultaneously solve for the total demand and
base price for a selected university.



Section 10.2 applies the Z2P2 methodology to the student parking lots at The University of
Texas at El Paso (UTEP). The calculated zones and zone permit prices are compared against
the existing zones and zone permit prices implemented by UTEP Parking & Transportation
Services (PTS).
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Figure 10.1 Decision procedure of a UPO


Section 10.3 applies the MXL model developed in Chapter 7 to estimate the zone-based
parking demands on UTEP campus. The estimated zone demands are compared against the
number of permits sold for each zone.



Section 10.4 tests the class schedule-based temporal zone demand estimation methodology
described in Chapter 8, using the survey data and the data provided by the Registrar Office
(RO) of UTEP for Fall 2017 and 2019 semesters.
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Section 10.5 modifies the license plate matching and floating car techniques to determine the
average parking search time at selected parking zones at UTEP. The average search time is
then mapped by the proposed LOS criteria into A to F service levels.

10.2: Total Demand and Base Price Models
This section presents a study to illustrate the applications of the total demand model and
base price models. Four universities codenamed A, D, F, M respectively and The University of
Texas at El Paso (UTEP) were selected from the data sets, set aside from the model developments
in Chapter 4. Their data are shown in Table 10.1.
The analyses were performed to predict the demand and prices for each of the universities
according to the following procedure. 𝑌̂1 was predicted using Equations (4.1) and (4.2). 𝑌̂1 𝑋9
gave the number of students who will purchase parking permits. 𝑌̂2 was predicted using Equations
(4.3). The predicted and reported base permit prices were compared, i.e., 𝑌̂2 versus 𝑋18 . The
predicted and actual number of permits sold were evaluated by looking at 𝑌̂1 𝑋9 against 𝑋17 𝑋9.
Take University A as an example, the predicted base permit price was $506/year. The actual base
permit price was $442/year. The $64/year difference may be due to other factors not captured by
the model. For the same university, the 16,488 permits sold (𝑋17 𝑋9) were less than the 18,549
students were expected to purchase permits (𝑌̂1 𝑋9). Similarly, at UTEP the difference between the
predicted and the real demand is quite high. The UTEP PTS sold 4,521 fewer permits than the total
demand model has predicted. This suggests that some students who did not have a permit switched
mode or found alternative parking options outside the campus. At UTEP, as it was suggested by
the student survey results, approximately 30% of the students park their vehicles in a residential
neighborhood near campus. Unfortunately, most of the universities do not report the number of
student parking stalls. Otherwise, the ratio of (number of permits sold)/(number of stalls) may be
used as an indicator or overall parking congestion on campus.
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Table 10.1 Data and Predictions for Four Universities
Name of the Variable

Univ. A

Univ. F

Univ. D

Univ. M

UTEP

Urban

Urban

Suburban

Suburban

Urban

X2

Campus setting (1=urban, 0=suburban)

X6

The average Fall semester temp. (F)

72.7

75.3

68.3

48.5

64.5

X7

Cost of living ($/day)

210

185

213

164

157

X8

Tuition fee ($/year)

10,136

6,368

12,162

10,902

7,651

X9

Enrollment

51,525

66,183

26,793

11,240

25,078

X10

Proportion of undergraduate students

0.79

0.86

0.65

0.83

0.85

X11

Proportion of part-time students

0.07

0.33

0.22

0.21

0.38

X12

Proportion of student-commuters

0.82

0.82

0.75

0.61

0.96

X13

Faculty/student ratio

1/18

1/30

1/23

1/16

1/20

X17

Proportion of student who purchased permits

0.32

0.59

0.64

0.57

0.48

X18

Base permit price ($/year)

442

270

207

50

188

0.36

0.65

0.63

0.56

0.66

506

223

208

71

235

18,549

43,018

16,860

6,294

16,551

16,488

39,048

17,148

6,407

12,030

Proportion of students who will purchase

𝑌̂1

permits (predicted)

𝑌̂2

Base permit price (predicted) ($/year)
No. of student who will purchase permits

𝑌̂1 𝑋9

(predicted)

𝑋17 𝑋9

No. of student who purchased permits

One of the intended uses of the models is to make predictions for total demand and base
permit price in future years, and for analyses of “what-if” scenarios. If University D is taken as an
example and if its enrollment (X9) is projected to increase by 10% to 29,472 five years from now,
and as a result, the faculty/student ratio (X13) falls to 1/25. During the same period, tuition fee
(X8) increases by 3% to $12,527/year, cost of living (X7) increases by 2% to $217/day, and other
variable values remain the same. The UPO is interested to know how many students will purchase
permits five years from now, and at what base permit price. These two questions can be answered
by solving Equations (4.1), (4.2) and (4.3) using the following iterative approach:
1.

Use Equations (4.1) and (4.2) with the projected X6, X8, X10, X11 and the current X18 values to
calculate 𝑌̂1 .

2.

Use Equation (4.3) with the projected X2, X7, X10, X13, and the current X17 values to calculate
𝑌̂2 .

3.

Assign 𝑌̂2 to X18. Update

𝑌̂1 using the projected X6, X8, X10, X11, and the new X18 values.

4.

Assign 𝑌̂1 to X17. Update

𝑌̂2 using the projected X2, X7, X10, X13, and the new X17 values.
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5.

Repeat from Step 3 until 𝑌̂1 and 𝑌̂2 both converge to their steady-state values.
For this University D’s example, the changes in 𝑌̂1 and 𝑌̂2 values from iterations 1 to 10

were plotted in Figure 10.2. It can be observed that at the seventh iteration, 𝑌̂1 had converged to
0.6332 (equivalent to 𝑋9 𝑌̂1 =18,663 permits) while 𝑌̂2 had converged to base permit price of
$225/year. The current academic year has 𝑋9 𝑌̂1 =16,840 permits and 𝑌̂2 =$209/year. Five years
from now, the models have predicted the sales of additional 1,823 parking permits at $225/year
each. The net increase in revenue will be $680,000/year. This is without the construction of any
new stall. The $16 increase in base permit price may be spread over 5 years, equivalent to
$3.20/year.

0.650

Predicted Y1

0.646
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(a) Convergence of 𝑌̂1
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Figure 10.2 Convergence of total demand and base permit price
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10.3: Zoning and Zone Permit Pricing Methodology
This section carries out a case study to illustrate the application of the Z2P2 methodology
developed in Chapter 5 of this dissertation. The University of Texas at El Paso (UTEP) was
selected for the case study. This case study uses the data in the Fall 2017 semester and assumes
that the parking zones follow exactly the existing zones implemented by UTEP PTS. This permits
the author to compare the recommended price against the actual student permit price for each lot.
This means that instead the steps of zoning are skipped. Instead, every existing parking lot is a
zone.
UTEP’s Leech Grove was assumed as the center of the campus core mainly because it is
centrally located geographically and is the intersection of many pedestrian routes. The LMTT by
walking from zone z to the campus core (denoted by 𝐿𝑀𝑇𝑇𝑧𝑤𝑎𝑙𝑘 ), by bicycling from zone z to the
𝑏𝑖𝑐𝑦𝑐𝑙𝑒

campus core (denoted by 𝐿𝑀𝑇𝑇𝑧

), and by shuttle bus from zone z to the campus core

(denoted by 𝐿𝑀𝑇𝑇𝑧𝑏𝑢𝑠 ) were measured on-site and the data are shown in Table 10.2. All the
LMTT values have been rounded to the nearest 0.5 minutes. The parking zones that are not served
by the campus shuttle service all have their 𝐿𝑀𝑇𝑇𝑧𝑏𝑢𝑠 filled as N/A. By checking the table,
𝐿𝑀𝑇𝑇𝑏𝑎𝑠𝑒 was found to be as 8.5 minutes. Therefore, 𝑧𝑏𝑎𝑠𝑒 are zones SC3, SC4, SB5, and OR2.
In the calculations, the average number of days in a year a student permit holder will drive
to campus was set to 𝐷=128 days. This value was derived by assuming that the student attends
classes four days per week, 16 weeks per semester and two-semester per year.
The majority of the UTEP student population comes from the El Paso region. The median
household income for El Paso County was published as $43,244 (Census, 2018). The 𝑉𝑜𝑇𝑚𝑖𝑛𝑢𝑡𝑒
of a student was found to be $0.13/min using the Equation (5.2).

In Section 10.1, the base parking

permit price for UTEP campus was calculated as 𝑌̂2=$235/year (see Table 10.1). On the other
hand, the actual median permit price set by UTEP PTS in the Fall 2017 semester was $188.25/year
(Table 10.2).
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Table 10.2 Data for zoning and zone pricing methodology for UTEP case
z

𝑃𝑎𝑐𝑡𝑢𝑎𝑙
($/year)

𝐿𝑀𝑇𝑇𝑧𝑤𝑎𝑙𝑘
(minutes)

SBG
SB2
SB3
DA1
SB4
SG
RA2
GR3
SC4
SC3
OR2
SB5
SB6
SC5
SC2
GR2
GR5
SC1
GRG
GR1
Remote
Remote (Ath)

$319.50
$240.75
$240.75
$188.25
$240.75
$319.50
$240.75
$188.25
$188.25
$188.25
$188.25
$188.25
$188.25
$188.25
$188.25
$188.25
$188.25
$188.25
$246.00
$188.25
$138.05
$138.05

6.0
5.5
4.5
5.0
6.0
8.5
7.0
8.0
8.5
8.5
8.5
8.5
9.0
9.5
9.5
10.0
10.0
10.0
12.0
11.5
15.0
25.0

𝑏𝑖𝑐𝑦𝑐𝑙𝑒

w (%) 𝐿𝑀𝑇𝑇𝑧
(minutes)
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
96%
100%
99%
100%
100%
100%
100%

5.0
5.0
4.0
5.0
5.5
7.0
7.0
7.5
7.0
7.5
7.0
8.0
8.0
7.0
8.0
9.5
8.0
9.0
8.0
10.5
12.5
15.0

b (%)

LMTTz
(minutes)

𝐿𝑀𝑇𝑇𝑧𝑏𝑢𝑠
(minutes)

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
4%
0%
1%
0%
0%
0%
0%

4.0
4.5
4.5
5.0
6.0
7.0
7.0
8.0
8.5
8.5
8.5
8.5
9.0
9.5
9.5
10.0
10.0
10.0
11.5
11.5
12.5
15.0

N/A
N/A
N/A
N/A
N/A
N/A
N/A
14.0
N/A
N/A
13.0
N/A
N/A
N/A
N/A
17.0
14.0
N/A
14.0
19.0
12.5
15.0

The following two alternatives have been analyzed. The first alternative considers
𝑃𝑏𝑎𝑠𝑒 =𝑌̂2=$235/year whereas, the second alternative uses 𝑃𝑏𝑎𝑠𝑒 =𝑃𝑎𝑐𝑡𝑢𝑎𝑙 =$188 (the actual median
permit price) as the base permit price. The UTEP campus has three parking garages (named SG,
SBG, GRG). Permit prices for those garages were adjusted by using Equations (5.4) and (5.5). The
recommended prices for the lots and the actual prices are listed in Table 10.3 for comparison.
Figure 10.3 compares the actual prices with the resulting from the two alternative approaches. The
gray bars represent the actual prices, while the black and white bars are from the results of
alternatives 1 or 2 respectively. The following observations have been made:
The variation of 𝑃𝑎𝑐𝑡𝑢𝑎𝑙 is smaller than the variation of 𝑃𝑧 . This means that, based on
𝑃𝑎𝑐𝑡𝑢𝑎𝑙 , the zones near the campus core such as DA1 and SB3, are underpriced (therefore generated
excessive demand) while zones that are far away, e.g., SC1 and green zones are over-priced. This
explains why the remote zones are underutilized although UTEP campus has insufficient parking
stalls to cater to all students. As one example, DA1 and GR1 lots are in the same parking zones
with the same permit prices, whereas their LMTT differ by nearly seven minutes. Therefore, a
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student pays the same permit price but one loses 14 extra minutes per round trip. The results of the
Z2P2 methodology showed that the majority of the parking lots need to have price adjustments.
Table 10.3 Zoning and zone pricing methodology case study results
𝑔

z
SBG (garage)
SB2
SB3
DA1
SB4
SG (garage)
RA2
GR3
SC4
SC3
OR2
SB5
SB6
SC5
SC2
GR2
GR5
SC1
GRG (garage)
GR1
Remote
Remote (Ath)

𝑃𝑧 , 𝑃𝑧 ($/year)

𝑃𝑎𝑐𝑡𝑢𝑎𝑙 ($/year)

Alternative 1
$574.29
$342.90
$367.80
$351.20
$318.00
$413.60
$284.80
$251.60
$235.00
$235.00
$235.00
$235.00
$218.40
$201.80
$201.80
$185.20
$185.20
$185.20
$209.09
$135.40
$102.20
$19.20

$319.50
$240.75
$240.75
$188.25
$240.75
$319.50
$240.75
$188.25
$188.25
$188.25
$188.25
$188.25
$188.25
$188.25
$188.25
$188.25
$188.25
$188.25
$246.00
$188.25
$138.05
$138.05

Alternative 2
$477.40
$287.85
$321.05
$304.45
$271.25
$331.32
$238.05
$204.85
$188.25
$188.25
$188.25
$188.25
$171.65
$155.05
$155.05
$138.45
$138.45
$138.45
$126.81
$88.65
$55.45
$0.00

The Z2P2 methodology proposes changes in annual permit price for nearly every parking
lot. These changes will affect the overall annual income of UTEP PTS from the sale of parking
permits. Assuming that the same number of students will purchase the same parking permits. With
the changes in price, the income will increase by $533,365/year for Alternative 1 and $53,222/year
for Alternative 2. However, as the total demand model and student survey data reflect that the
students are cost-sensitive and the demand will vary with the change in permit prices which will
be covered in the next subsection (zone demand model).
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Figure 10.3 Actual price and methodology results comparison
10.4: Zone Demand Model
In Chapter 7, MXL and NL models were introduced as the modelling approaches for the
two-levels parking choice model:


The first level (Level 1) uses the Survey Dataset as inputs. It predicts a commuter student’s
parking need. The alternatives of this model are: (1) park on campus, (2) park in neighborhood,
and (3) do not need parking. Both MXL and NL models are tested, using data in the Survey
Dataset.



The second level (Level 2) uses the UPO Dataset as inputs. The model predicts the probabilities
of a student’s choice of a parking zone on campus. The MXL model will be used to construct
the Level 2 model. UTEP Center for Institutional Evaluation, Research, and Planning (CIERP)
provided de-identified student records for the Fall 2018 semester. This data set was used as the
UPO Dataset. The variables in the Survey Dataset and UPO Dataset are described in Table
10.4.
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Table 10.4 Descriptive statistics of variables in the Survey Dataset and UPO Dataset
Variable
Student classification
Undergraduate = 0
Graduate =1
Student status
Part-time = 0
Full-time = 1
Closeness to campus (miles)
Permit price
($/year)
Mode of transportation on
campus
Walk = 0
Others = 1
Walking time of last mile on
campus (min)
Parking search time (min)
Capacity of parking lot
(number of stalls)
Parking infrastructure
Open surface lot = 0
Parking garage = 1
Shuttle service
Not provided = 0
Provided = 1

Survey Dataset (n=1,022)
mean
st.dev min
max

mean

0.12

0.32

0

1

0.08

0.27

0

1

0.86

0.34

0

1

0.74

0.44

0

1

13.16

8.72

0

73

225

73

133

324

5

20

N/A
121

128

0

324

0.23

0.42

0

1

11.91

4.71

2

22

4.47

3.76

0

18

N/A
0.18

0.20

0.39

0.40

UPO Dataset (n=7,865)
st.dev
min
max

N/A

9.98

4.99
N/A

766

527

10

1580

0

1

0.32

0.47

0

1

0

1

0.20

0.40

0

1

This case study used STATA16 (STATA, 2019) to implement the simulation-based
maximum likelihood methods to estimate the coefficients of the MXL and NL models.

Table

10.5 shows the results of the MXL estimation for the Level 1 model. The developed MXL model
considers all unobserved attributes that are assumed to exist due to the subjectivity of the student
choices. All the alternative specific parameters tested against being fixed to be constant across all
students. The only parameter found to be random was the total time (walking time + search time).
For the random parameter, normal distribution was found to provide the best statistical fit. Random
parameters were obtained from repeated 1,000 simulation draws using standard Halton sequence
intelligent draws. The base alternative was selected as no driving to campus. As Zhao et al., (2018)
mentioned in their study, vast majority of the MXL model studies are calibrated on the entire
dataset and the log-likelihoods at convergence are reported.
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Table 10.5 Mixed logit estimation results for Level 1 parking needs
Variable
Permit price
Total time (random parameter)
Parking infrastructure
Park on campus
Mode of transportation on campus
Student classification
Student status
Constant
Park in neighborhood
Mode of transportation on campus
Student classification
Student status
Constant
Number of observations
Log-likelihood at zero
Log-likelihood at convergence
McFadden`s pseudo R2
*Significant at P=0.10

Parameter estimate

Standard error

t-statistics

-0.090
-0.098 (0.151)
31.346

0.007
0.050 (0.046)
4476.507

-11.96*
-1.96 (3.28)*
0.01

-1.581
0.854
-0.555
21.478

0.430
0.501
0.413
1.870

-3.68*
1.70*
-1.34
11.48*

-0.436
0.377
-0.651
0.287

0.278
0.428
0.349
0.474
3,066
-1001.13
-563.87
0.436

-1.57
0.88
-1.86*
0.60

Looking at the specific results in Table 10.5, the coefficient of total time is normally
distributed with a mean of 0.098 and standard deviation 0.151. Both the mean and the standard
deviation are statistically significant which indicates that the total time effect varies over the
student choices. Given these estimates, the coefficient of total time is less than 0 for 74.2% of the
students and greater than 0 on 25.8% of the students. This implies that nearly three-quarter of the
choices, increasing total time decreases the likelihood of selecting the alternative. On the other
hand, the coefficient of permit price was found to be constant across students with a significantly
negative coefficient. The positive sign of the coefficient of case specific parameter of student
classification for park on campus choice indicates that, graduate students are more likely to park
on campus. However, the only significant parameter estimate for park in neighborhood is student
status which has a negative coefficient indicating that part-time students more likely to park in
neighborhood compared to full-time students. The constant term for the “park on campus”
alternative is statistically significant. This term captures the unobserved factors such as having a
car, income, that the survey did not ask the participants. The mode of transportation on campus
choice was found statistically significant in selection of driving to campus. The parameter
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coefficient has a negative sign, which implies that students who walk from the parking lot to their
final destination are more likely to drive to campus.
Alternatively, a NL model was developed with the driving preselection (see Figure 7.2).
Two dependent variables in the first branch were: (1) “drive” and (2) “not-drive”. “Not-drive”
represents the commuter students who chooses not to drive to campus. Since within the Survey
Dataset number of students who did not drive were few (198 out of 1,022 respondents) and this
dissertation focus is mainly on purchasing parking permits, no alternatives were introduced under
the “not-drive” option. “Drive” means the student chooses to drive to campus and has to decide
between two subsequent alternatives: (i) park on campus and (ii) park in neighborhood. The results
of the NL estimation are presented in Table 10.6. The selection criteria for the parameters consisted
of t-statistics >1.645 or <-1.645, which corresponds to 0.1 level of significance. In order to justify
the initial assumption of utilizing the NL without violating the IIA, STATA conducted the
likelihood ratio (LR) test, which gave test statistics value of 146.31. This corresponds to a p-value
of less than 0.0001, which implies that the NL fits well with the data.

Table 10.6 Nested logit estimation results for Level 1 parking choices
Variable
Permit price
Total time
Parking infrastructure
Drive to campus
Mode of transportation on campus
Student classification
Student status
Constant
Number of observations
Log-likelihood at zero
Log-likelihood at convergence
McFadden`s pseudo R2
*Significant at P=0.10

Parameter estimate

Standard error

t-statistics

-0.068
-0.043
20.535

0.008
0.022
574.243

-8.64*
-1.98*
0.04

-0.691
0.664
-0.580
27.950

0.212
0.357
0.282
5.551
3,066
-1,080.87
-890.34
0.176

-3.25*
1.86*
-2.05*
5.03*

The NL model findings were listed in Table 10.6. Interpretation of the coefficients indicates
that alternative specific parameters, permit price and total time both have negative signs with
significant t-statistics. Therefore, they both have a negative effect on student commuter choices.
In other words, with the increase in permit price or total time, the student becomes unlikely to pick
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that alternative. Case-specific parameters’ coefficients were listed under the selection of drive to
campus. Compared to not driving to campus, mode of transportation on campus and student status
both have a significant effect and negative coefficients. This means if a student prefers to walk on
campus or is a part-time student, he/she is more likely to drive to campus. On the contrary, student
classification parameter has a positive coefficient estimate which implies that gradudate students
are more likely to drive to campus compared to the undergraduate students.
Tables 10.5 and 10.6 present the model estimation results for the MXL and NL,
respectively. Comparing these two tables, the MXL model results in a significantly better loglikelihood at convergence and better overall with the McFadden’s pseudo R2 statistic improving
from 0.176 in the NL case to the 0.436 in the MXL case. According to the findings, the MXL
model provides a better approach to model the Level 1 commuter student choice based on Survey
Dataset.
Table 10.7 shows the results of the MXL estimation for the second level. The developed
MXL model considers all unobserved attributes that are assumed to exist due to the subjectivity of
the student choices. All the alternative specific parameters tested against being fixed to be constant
across all sample. This test was conducted by checking the parameters whether they produced
statistically significant standard errors for their assumed distribution. The parameter found to be
random was only the walking time. For the random parameter, normal distribution was found to
provide the best statistical fit. Similar to the Level 1, 1,000 draws using standard Halton sequence
intelligent draws were simulated. The base alternative was selected as a green parking permit (the
lowest price). The model was calibrated on the entire dataset and the log-likelihood at convergence
was reported.
As model findings are demonstrated in Table 10.7, the coefficient of walking time is
normally distributed with mean -0.0424 and standard deviation 0.198. Both the mean and the
standard deviation are statistically significant indicating that the walking time effect varies over
the student choices. Based on these findings, it can be stated that the walking time is less than 0
on 58.5% of the parking choices and greater than 0 on 41.5% of the choices. This implies that
nearly 60% of the choices, increasing walking time decrease the likelihood of selecting the
alternative. On the other hand, both permit price and capacity of the parking lot were found fixed
to be constant across student choices with significant effects. The only difference is their signs.
Permit price which has a negative sign shows that increasing permit price has a negative effect on
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student choices whereas a capacity increase of any parking lot will most likely increase the
students’ choices of that particular lot.

Table 10.7 Mixed logit estimation results for Level 2 parking choices
Variable
Permit price
Walking time
Parking infrastructure
Capacity
Blue Permit
Closeness to campus
Student classification
Student status
Constant
Silver Permit
Closeness to campus
Student classification
Student status
Constant
Garage Permit
Closeness to campus
Student classification
Student status
Constant
Number of observations
Log-likelihood at zero
Log-likelihood at convergence
*Significant at P=0.10

Parameter estimate

Standard error

t-statistics

-0.0195
-0.0424 (0.198)
18.7699
0.0012

0.0008
0.0018 (0.087)
667.6917
0.00009

-23.38*
-23.56 (2.27)*
0.03
13.14*

0.0026
-0.0983
0.0954
3.0793

0.0038
0.1246
0.0742
0.2126

0.68
-0.79
1.29
14.48*

-0.0045
-0.0044
-0.0424
6.1474

0.0056
0.1769
0.1054
0.3004

-0.80
-0.02
-0.40
20.46*

-0.0050
-0.2203
0.2080
5.6442

0.0040
0.1290
0.0792
0.2534
31,460
-10087.40
-9221.01

-1.25
-1.71*
2.63*
22.27*

The constant term indicating the campus parking zone selection is statistically significant.
This finding is likely capturing the unobserved parameters that could include factors such as
student habit, household income, and closeness to the final destination (classroom) that UPO
Dataset did not have the information. The coefficient of student status was found statistically
significant in the selection of purchasing a garage permit. This demonstrates that full-time students
are more likely to purchase a garage parking permit, which can be explained by spending more
time on campus and tend to park in a secure stall that keeps vehicle from the sun and temperature
extremes. On the contrary, the coefficient of student classification has a negative sign on garage
permit choice. This implies that, undergraduate students are more likely to purchase garage
permits. The rest of the alternative specific parameters were found insignificant.
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After calibrating both models with MXL, parameter estimates were used to predict the
entire campus student behavior. The de-identified student records gathered from UTEP-CIERP
including 25,151 students data were used as the input. Random parameter estimates were assigned
using Monte Carlo simulation with 1,000 draws. The results of the probabilities were listed and an
other Monte Carlo simulation were assigned to pick one of the choices using the cumulative
selection approach. In other words, model results give all probabilities for all alternatives for each
individual and the random number assigned for each individual was used to pick one of the
alternatives. The model and simulation results are compared with the reported numbers. Since
CIERP data does not have the information of number of students who park in neighborhood and
who do not need parking, the actual numbers could not be compared for the Level 1. For those
choices student survey findings were extrapolated to entire campus. Student survey results
revealed that 28.6% of the participants reported that they park in the neighborhoods. Assuming
this represents the entire campus, the model findings and reported actuals are compared in the
Figure 10.4.

*Based on Student Survey findings
**Based on CIERP Data (all student records)

Figure 10.4 Comparison of actual and predicted zone demands
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Considering a scenario that UTEP PTS increases the parking permit prices by 10%. MXL
models were used to predict the shifted demand for both Levels. Figure 10.5 demonstrates the
findings which represents that 10% increase in permit prices decreases the number of students park
on campus at the same time increases the number of students who do not need parking or park in
neighborhood. Although the permit prices assumed to be increased in the same rate (10%) for all
permit types, garage permit owners are the most sensitive ones that resulted a 6% decrease of the
number of permit owners. They are expected to shift to green and blue parking permits.

Figure 10.5 Comparison of estimated zone demands before and after a 10% increase in permit
price
MXL models were developed based on the Survey and UPO Datasets. As mentioned in
Chapter 7, each Dataset has different attributes which creates the main limitation of the model
development. Due to the lack of data, some of the parameters which may have an effect on student
choices could not be addressed. For example, neither of the data sets have the information about
students’ demographics, car ownership, the household income, travel destination after campus
activities, or access to public transit which have been found significant in Sultana’s (2015) study.
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UPO Dataset which was gathered from UTEP CIERP only has de-identified student records and
the type of permit they purchased. On the other hand, the student survey did not intentionally ask
related questions in order to have more participants by making the survey shorter, making the
participants feel that the survey is anonymous and not asking personal questions.
10.5: Class Schedule-Based Temporal Zone Demand Estimation
Chapter 8 of this dissertation has proposed a class schedule-based temporal demand
estimation methodology to predict the variations of student parking demand over time for each
zone, based on the available class schedule in a future semester. The purpose of making such
predictions is to provide data for making decisions on the number of permits to sell for each zone
in the future semester. To validate the application of the methodology, the Fall 2017 class
registration data from UTEP RO was used. This semester was selected because the author has
collected stall occupancy data at different zones on a weekday over 12 hours. Moreover, to
illustrate the application of the methodology in making future enrollment predictions, Fall 2018
and Fall 2017 data were used to predict Fall 2019 enrollment. The prediction and the actual
numbers were then compared. All the enrollment data were gathered from the UTEP RO was used.

Enrollment Prediction Methodology
UTEP has an online class registration system that allows students to view the schedule,
venue, capacity and enrollment of every class offered in the past semesters. Similarly, UTEP RO
announces information of all the classes to be offered approximately two months before the actual
semester starts. The author collected 3 years of data (Fall 2017, Fall 2018, and Fall 2019) from the
UTEP class registration system. Since UTEP enrollments are always higher in Fall semesters
compared to other semesters, for the case study, fall semesters were selected for the study. These
semesters totally had 8,966 class sections. Each section’s data were extracted from the system,
aggregated by day-of-week, class period p and analyzed. Figure 10.6 demonstrates the aggregated
daily enrollment variations over a week. For the semesters selected Tuesday was found the most
congested day in a week. Therefore, for the case study, Tuesday’s data was selected.
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Figure 10.6 Hourly enrollment variations for Fall 17, 18, and 19 semesters
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As mentioned in Chapter 8 Phase 1.3, previous semester’s course registration data and load
factors (fc) were used to predict the Fall 2019 course enrollments. Load factor for each course was
found by the ratio of enrollment over-capacity. Load factor (fc) for Fall 2019 was found by taking
the average of the previous years (Fall 2018 and Fall 2017) load factors (fc). Then campus
enrollment growth factor (fe) was multiplied by the load factor and the capacities to find the
predicted enrollments. The prediction are compared with the actual values in Table 10.8 and Figure
10.7.

Table 10.8 Fall 2019-Tuesday enrollment prediction
Time
interval
(hrs)

Fall 17

Fall 18

Fall 19

fc

fc

fc

0700-0730

98%

0

0730-0800

89%

0800-0830

fe

Reported
Capacity

Predicted
Enrollment

Reported
Enrollment

Percent
Error (%)

0

1.03

0

0

0

-

69%

83%

1.03

2472

2060

1951

5.29

88%

71%

85%

1.03

2862

2432

2299

8.35

0830-0900

88%

71%

85%

1.03

2953

2507

2372

5.38

0900-0930

87%

85%

87%

1.03

8143

7098

7277

2.52

0930-1000

87%

85%

87%

1.03

8410

7344

7497

2.08

1000-1030

87%

85%

87%

1.03

8393

7296

7465

2.32

1030-1100

88%

85%

89%

1.03

8770

7799

7945

1.87

1100-1130

88%

84%

89%

1.03

8540

7565

7746

2.39

1130-1200

88%

84%

89%

1.03

8309

7377

7530

2.07

1200-1230

90%

83%

82%

1.03

7442

6082

6558

7.83

1230-1300

90%

83%

82%

1.03

7493

6146

6604

7.45

1300-1330

90%

83%

83%

1.03

7420

6133

6533

6.52

1330-1400

84%

81%

84%

1.03

7389

6462

6539

1.19

1400-1430

84%

81%

88%

1.03

7489

6553

6644

1.39

1430-1500

84%

80%

86%

1.03

7231

6250

6355

1.68

1500-1530

86%

74%

88%

1.03

6151

5398

5236

3.00

1530-1600

86%

74%

88%

1.03

6174

5410

5263

2.72

1600-1630

86%

74%

88%

1.03

6018

5301

5123

3.36

1630-1700

77%

71%

86%

1.03

3325

2870

2754

4.04

1700-1730

77%

70%

84%

1.03

3475

2902

2839

2.17

1730-1800

77%

71%

81%

1.03

3773

3040

2972

2.24

1800-1830

71%

71%

77%

1.03

3056

2368

2242

5.32

1830-1900

71%

70%

77%

1.03

2926

2259

2150

4.83
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Figure 10.7 Predicted versus reported hourly enrollment
Temporal zone demand estimation
With the help of UTEP PTS in Fall 2017, parking occupancy data were collected from five
different parking lots across the UTEP campus. To validate the class-schedule based temporal zone
demand estimation methodology, those five parking lots were selected. The actual enrollment
numbers and permit holders’ information collected from UTEP RO were used as input for the
methodology. The rate of survey participants’ parking choices was compared with the actual rates
and the adjustment factors (fa) were found (Table 10.9).
Table 10.9 Adjustment factor (fa) determination for five parking lots

Blue (Glory Road 1 - GR1)
Sunbowl Garage
Silver (Sun Bowl 2 - SB2)
Schuster Garage
Blue (Schuster 1 - SC1)
Total

Number of
permit holders
(actual)
124
1820
276
820
1163
9233

Number of
permit holders
(survey)
3
112
13
65
70
533

Actual
rate
0.5%
7.3%
1.1%
3.3%
4.6%
37%

Survey
rate

Adjustment
factor (fa)

0.3%
11.0%
1.3%
6.4%
6.8%
52%

1.68
0.66
0.87
0.51
0.68

UTEP campus was hypothetically divided into six areas and students were asked in the
Students Survey to pick one area in which they spend most of their time while on campus. They
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were also asked to provide their parking lot choices. Therefore, the O-D table for each time period
(every hour from 7:00 a.m. to 7:00 p.m.) was developed as explained in Chapter 8. Finally, the
hourly variations of those five parking lots were compared to the reported values (see Table 10.10).

Table 10.10 Comparison of methodology results with the reported values
Sunbowl Garage

Schuster Garage

Model

Reported

Model

Reported

Model

Reported

Model

Reported

Model

Reported

0700-0800

273

280

83

153

47

58

129

N/A

110

152

0800-0900

879

634

238

357

136

147

385

341

333

195

0900-1000

1202

1088

594

574

161

271

543

332

376

454

1000-1100

1425

1310

676

642

203

270

698

654

495

474

1100-1200

1473

1412

673

635

193

251

689

680

484

469

1200-1300

1458

1320

671

660

193

250

678

635

477

461

1300-1400

1275

1378

628

601

163

268

603

582

415

449

1400-1500

1196

1336

604

585

151

268

555

538

384

420

1500-1600

1169

1063

593

527

148

260

543

445

377

382

1600-1700

925

860

535

407

112

217

437

329

285

294

1700-1800

424

616

381

295

39

123

212

189

84

157

1800-1900

160

N/A

53

N/A

20

N/A

94

N/A

71

N/A

Daily peak

1473

1412

676

660

203

271

Capacity

1500

Silver SB2

700

271

Schuster 1

698
723

Glory Road 2

680

495
510

474

Table 10.10 findings revealed that except for one parking lot (Silver SB2), all the
occupancy estimations using class schedule based temporal zone demand estimation methodology
were accurate. All available actual measurements plotted against the model predictions in Figure
10.8 showing that all the data points fell closely along the 45-degree line. During data collection,
a new research building had started and the containers of the contractors were located at the Silver
SB2 parking lot. Therefore, upcoming years (2018 and 2019) UTEP PTS sold fewer parking
permits compared to Fall 2017 which caused fewer students parked their vehicles on that parking
lot. Fewer students responded that they parked on Silver SB2 lot on the Student Survey conducted
during Spring 2019. This was assumed to be the main reason for the underprediction of that parking
lot.
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Figure 10.8 The predicted and the reported occupancy comparison (Fall 2017 data)
10.6: Level of Service Estimation
In Chapter 9, the concept of LOS for parking search time has been introduced. The LOS
criteria for parking search time have been proposed and the thresholds for LOS A to F determined
from the student survey. In this section, the application of the LOS criteria is demonstrated via two
examples. The two examples differ in the ways the parking search time data are collected.
If a parking zone is already in operation, the parking search times of vehicles may be
measured by the modified license plate matching technique. To demonstrate the application of this
technique in measuring parking search time, two parking lots at the UTEP campus were selected
(Dawson and Sunbowl 2). The data collection dates and times are listed in Table 10.11. Data
collection was done by four-member student teams. Each team conducted four sessions of the
survey (two sessions per lot, one in the morning and one in the afternoon). The goal of each session
was to measure the parking search times of 50 vehicles. On average each survey session took
approximately 1 hour. Table 10.11 also demonstrates the initial and the final lot occupancies with
the assigned LOS based on the average search time (𝑡̅).
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Table 10.11 LOS data collection for two parking lots
Parking
Lot

Initial
Final
Occupancy Occupancy

𝑡̅ (min)

LOS

100%

7.85

D

95%

83%

1.87

A

10:34 a.m.

93%

100%

2.8

B

11:04 a.m.

11:55 a.m.

100%

89%

5.67

C

10/3/19

1:10 p.m.

2:32 p.m.

99%

93%

1.42

A

Dawson

10/3/19

2:01 p.m.

3:06 p.m.

90%

97%

0.81

A

Dawson

10/3/19

3:11 p.m.

3:51 p.m.

94%

84%

1.04

A

Dawson

10/9/19

9:11 a.m.

10:11 a.m.

100%

100%

>15

F

Sunbowl 3

10/2/19

9:12 a.m.

10:17 a.m.

63%

91%

0.52

A

Sunbowl 3

10/2/19

10:35 a.m.

11:36 a.m.

86%

83%

0.64

A

Sunbowl 3

10/2/19

11:45 a.m.

12:39 p.m.

85%

69%

0.56

A

Sunbowl 3

10/2/19

1:32 p.m.

2:51 p.m.

66%

70%

0.47

A

Sunbowl 3

10/3/19

9:15 a.m.

10:37 a.m.

86%

96%

0.80

A

Sunbowl 3

10/3/19

10:40 a.m.

12:10 p.m.

94%

86%

0.80

A

Sunbowl 3

10/3/19

1:10 p.m.

2:51 p.m.

81%

81%

0.82

A

Sunbowl 3

10/3/19

2:40 p.m.

3:44 p.m.

81%

76%

0.60

A

Date

Start Time

End Time

Dawson

10/1/19

9:30 a.m.

10:33 a.m.

94%

Dawson

10/2/19

1:15 p.m.

3:00 p.m.

Dawson

10/3/19

9:33 a.m.

Dawson

10/3/19

Dawson

The LOS analysis found that Sunbowl 3 and Dawson both have LOS A during the time of
the afternoon field survey. On the other hand, when the data collection started at 9:11 a.m. at the
Dawson, there was no empty stall and 4 cars entered the parking lot at which they could not find
a space to park. They left the parking lot and searched for a stall at the outside ramp. During the
observation period, only one parked car left the parking lot. Therefore, the LOS was assigned as
F, which means failure. Other morning parking surveys from the same parking lot ended up with
different LOS for different dates, which ranged from LOS B to LOS D.
At the same time, another group of students conducted a parking search time study by using
their own vehicles between September 23 and October 21, 2019. This approach was introduced as
the modified floating car data collection method in Chapter 9.3.2. Students were asked to follow
their daily driving and parking routine by recording their parking search time. This approach
allowed the collection of information for the neighborhood parkers as well. Students who do not
drive to campus were asked to select a convenient parking lot and do this survey buy picking a
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random car and observing its effort to find parking. Each student was asked to collect data once a
day, two trips for each weekday (home-to-campus and campus-to-home) and 10 times in total.
Although 66 students participated in this study, only 641 days (1,282 person-trips) of data were
collected with trips attracted to or generated from 16 different parking lots and neighborhoods.
Among 66 student participants, 62 (94%) drive to campus and 42 (64%) of them park on campus.
Chapter 6 Student Survey findings reported that 79% of the survey participants drive to campus
and 52% park on campus. The rate of students who drive and park on campus for floating car data
collection method was higher compared to the Student Survey results, which was expected since
this was a volunteer effort and students who drive to campus are more likely to participate. After
analyzing the collected data, it has been founded that majority of the parking lots have search time
of fewer than 2 minutes which corresponded to LOS A.
Table 10.12 Floating car data collection findings for Schuster Garage
Day

Arrival time

𝑡 (min)/LOS

Day

Arrival time

𝑡 (min)/LOS

Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Tuesday
Wednesday
Wednesday
Wednesday
Wednesday

8:45:00 AM
9:00:00 AM
11:02:00 AM
11:07:00 AM
11:15:00 AM
11:15:00 AM
11:16:00 AM
11:20:00 AM
7:14:00 AM
7:22:00 AM
10:00:00 AM
10:03:00 AM
10:05:00 AM
10:13:00 AM
1:23:00 PM
1:23:00 PM
9:00:00 AM
9:10:00 AM
11:03:00 AM
11:05:00 AM

0.8/A
1.0/A
3.8/B
5.2/C
3.3/B
2.8/B
3.2/B
2.3/B
0.6/A
0.6/A
5.1/C
4.5/C
3.8/B
3.9/B
1.1/A
1.7/A
1.0/A
2.1/B
5.2/C
2.7/B

Wednesday
Wednesday
Wednesday
Wednesday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Thursday
Friday
Friday
Friday
Friday
Friday
Friday
Friday
Friday

11:07:00 AM
11:07:00 AM
11:07:00 AM
11:10:00 AM
7:18:00 AM
7:25:00 AM
10:03:00 AM
10:03:00 AM
11:45:00 AM
1:09:00 PM
2:45:00 PM
2:47:00 PM
9:05:00 AM
9:10:00 AM
9:13:00 AM
10:25:00 AM
11:05:00 AM
11:12:00 AM
11:15:00 AM
11:21:00 AM

4.5/C
3.8/B
2.2/B
3.3/B
0.7/A
0.5/A
2.8/B
3.3/B
2.3/B
2.4/B
1.7/A
1.3/A
0.6/A
0.6/A
1.8/A
1.0/A
1.0/A
1.3/A
1.1/A
1.0/A
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To demonstrate the daily fluctuations of search time and LOS at a parking garage, Schuster
Garage was selected. It had the highest parking search times among all the parking lots. Four
survey participants preferred to park at Schuster Garage which has 700 stalls. Their 40
observations from different days and different times of the days are shared in Table 10.12.
The main challenge in data collection was to make sure that every participant understood
the concept right. There were 17 students in license plate method and 66 for the floating car method
summing to 83 students who participated in these studies. Before data collections started, the
author gave presentations about the background of LOS and how to collect data for both methods.
Participants were provided the instructions and standard data collection forms. The author joined
some of the data collection processes to guide the participants as how to record and report the data.
Afterwards, the collected data were checked against invalid entries. It was realized that one student
in floating car data collection entered the same information for the whole 10 days which was
assumed that this should be the valid data for one day only. Similarly, two different students
reported exactly the same findings only one of those results was used.
The second challenge was to receive approval from related departments. The whole
procedure was defined and submitted to the UTEP IRB. Committee decided that there is no need
for their approval and they recognized our study as a class project. Meanwhile, UTEP Police
department was noticed about the data collection schedule including the times and venues.
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Chapter 11: Conclusions
11.1: Answers of Research Questions
All of the six Research Questions have been answered in different chapters of this
dissertation. The Research Questions were:
1. On a university campus, how many students are expected to buy parking permits in an
academic year?
2. What is a reasonable “base” price for an annual student parking permit? The base price is
the campus-wide reference price from which a differential price is added or subtracted to
arrive at the recommended selling price of student parking permits in a zone.
3. How should the parking lots on campus be grouped into different student parking zones and
what should be the annual student permit prices for these student parking zones?
4. If the student parking zones and annual student permit prices have been decided, how many
students are expected to park in each zone?
5. If the class schedule of the future semester has been fixed but students have not registered for
the courses, how to estimate the temporal variation of student parking demand in each zone?
6. How should the performance of a university campus parking system in serving its students be
evaluated?
Research Questions 1 and 2 have been answered in Chapter 4. Information was collected from
publicly available resources across the country to develop generic models to answer these two
research questions. Both models, named total demand model and base price model respectively
are applicable to all the university campuses in the United States with an enrollment of at least
10,000 students.
Research Question 3 has been answered in Chapter 5. A zoning and zone permit pricing
(Z2P2) methodology has been proposed in response to this question. Similar to the total demand
model and the base price models, Z2P2 methodology is applicable to student parking at other
university campuses. If the base price and value of time of other types of users are known, the
methodology is also applicable to the other types of users.
Research Question 4 has been answered in Chapter 7. This question asks if the student
parking zones and annual student permit prices have been decided, how many students are
expected to park in each zone? The answer is dependent on many factors such as permit price, lastmile travel time, parking search time and even student status and classification. Two-zone demand
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models using the discrete choice have been developed to predict individual student’s choice of
driving to campus and the selection of the parking zone. Those models showed the effects of the
case or individual-specific attributes on the individual’s decisions.
Research Question 5 has been answered in Chapter 8. To answer this question, an
occupancy estimation methodology called class schedule-based temporal zone demand estimation
was developed to predict the hourly parking stall occupancy in student parking zones. The
methodology provides UPOs a way to estimate the peak usage hour and highest congestion level
of a student parking zone so that the UPOs can go back to adjust the number of student permits
available for sale at this zone at the beginning of every semester.
Research Question 6 has been answered in Chapter 9. This question asks how should a
university campus parking system that serves students with parking permits be evaluated. The
evaluation approach is based on the concept of Level of Service (LOS), which has been used by
the well-known Highway Capacity Manual (HCM, 2010) in evaluating the operations of different
types of transportation facilities. A new set of LOS criteria for student parking, in a table format,
was developed, using search time as the parameter. To develop these LOS criteria, a survey was
conducted among students to obtained data on their levels of tolerance for LOS A to F. The overall
summary of the products of the dissertation including data, publications, algorithms, and the
developed software list are shared in the Appendix.
11.2: Significance & Contributions
11.2.1: Intellectual Merit
Every vehicle trip starts and ends with parking. Therefore, parking facilities are the main
components of transportation infrastructure. University campuses are traffic analysis zones with
unique trip generation and trip attraction rates and most universities are challenged by having
limited land resources to serve all students, faculty members, and staff. The above issues, combine
with difficulty in obtaining data from universities, are likely the major obstacles that have limited
the research on university parking. Very few universities have performed parking studies on their
campuses.
This dissertation is possibly the first to provide different methods and methodologies for
every stage of parking management to assist UPOs. The outcome of the models can be used as
informative data or models can be used to see the impacts of any potential policy changes. The
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models and methodologies developed in this dissertation (i) predict overall demand, (ii) propose a
base parking permit price, (iii) define zones and their prices, (iv) predict the number of permit
owners who will purchase each parking permit, (v) estimate the temporal demand based on class
schedule, and (vi) define and measure the performance of the university parking.
11.2.2: Broader Impact
There are immediate impacts of this research. Models developed in Chapter 4 (Total
Demand and Base Price Models) and Chapter 5 (Zoning and Zone Pricing Methodology) are
macro-level studies, therefore, any UPO in the United States can directly use those models using
their own input parameters. Level of Service Criteria defined in Chapter 9 is the pioneer that
reflects user search time in performance measurement. These criteria also can be used by any
institution having the information of the user search time. On the other hand, Chapter 7 and Chapter
8 models are micro-level studies which are more detailed and specified for the university. They
both need some adjustments before use for any other university. Those models use the results from
the students survey described in Chapter 6. Thus, if a survey will be conducted and a similar
approach will be followed, Zone Demand Model (Chapter 7) and Class-Schedule Based Temporal
Zone Demand Estimation (Chapter 8) may be used by any university.
11.3: Limitations and Future Work
11.3.1: Research Limitations
University campus parking is a complex issue which includes student, faculty, staff, and
visitor parking. However, this research just focused on student parking which forms the largest
demand. This can be stated as the main limitation of the dissertation. Total demand and base permit
price models were developed based on the publicly available data from 208 universities.
The author tried to cover every possible parameter that may affect the demand and the
price. Yet, there might still be some hidden parameters such as the parking capacity of the school
that the models could not address. If the lack of data could be gathered, those models might yield
better results.
While developing the Z2P2 methodology, only one reference was found in literature which
focused on determination of the college student’s value of time. This was checked whether it stays
within USDoT plausible range. If new studies will be conducted, the value of time of the student
will then be checked and can be adjusted.
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Chapter 7 introduced the zone demand model and a case study from the UTEP campus
which was demonstrated in Chapter 10.4. Since UTEP has an urban setting with a vast majority of
commuter students who drive their cars to campus, this dissertation’s choice models mainly
focused on the driving and parking permit choices. On the other hand, other universities may have
different student driving and parking which may require a different model development approach
including the choices of alternative modes of transportation. Because of the sources and the
availability, the Datasets used for the model development were both limited and could not cover
all possible independent parameters.
Class schedule-based temporal zone demand estimation uses the class schedule data
obtained from RO. Most of the universities offer the same classes within same semesters.
Predicting a future semester’s enrollment requires at least last two previous semester’s average
enrollment/capacity for each class. When a new class is offered, the department average assumed
to be the enrollment for the new class. However, if there are plenty of new classes or a new
department is established, enrollment prediction will be limited. This case can be solved by
contacting the responsible departments of the new classes before the semester begins.
For the case study of the class schedule-based temporal zone demand estimation
methodology, the author was not allowed to reach individual enrollment records. Thus, during
developing the O-D matrix based on the class schedules, aggregated student records were used
with an assumption of that students come to school within 30 minutes before the class begins. The
case study in Chapter 10.5 showed that this assumption worked with the entire campus population.
However, to have better results individual student records may be required.
Due to limited time and number of volunteer student surveyors, case study for determining
the LOS could not cover the entire campus for the entire year. It was assumed that TuesdayThursdays and Monda-Wednesdays have the similar patterns. On the other hand, if the entire
campus is desired to be screened for the entire week, ITS technologies that allow collecting and
storing data are required to record and calculate the parking search times.
11.3.2: Further Work
This research has the potential to be expanded to examine other users (faculty, staff, and
visitors). To do this, similar approaches will be required to develop new models for other user
types. Having all methods and tools, UPOs can predict the expected demand for each parking lot
and set the prices for each user type. Therefore, before semester begins, they even can see their
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cost and revenues for the upcoming semester which then allows them to plan for future
investments.
This research can also be tailored to study the consequences of an increase in permit price
or capacity increase. The case study demonstrated with the Zone Demand model can be expanded
to predict the student reactions on a permit price increase for a particular parking lot. Similarly, if
university decides to increase the capacity of a parking lot, UPO would like to see the possible
demand shift to that parking lot. The zone demand model is open to be improved for those studies.
One other possible research focus related to the zone demand model is to predict the demand for
the neighborhood parking and student preferences among alternative modes of transportation.
Class Schedule-Based Temporal Zone Demand Estimation Methodology was introduced
in Chapter 8 which predicts the parking demand using the class schedule information. By knowing
this UPOs may have chance to set the number of permits on sale for each zone. This dissertation
just focused on the effect of the class schedule to the parking occupancy. Determination of the
number of permits to be sold is considered as one of the study for future research. Moreover, the
findings from this dissertation can be used to see the effects of spreading the class schedule on the
daily parking occupancy variations. Especially at the universities struggling with parking issues
UPOs can argue that the alternative class schedule will result in a less congested campus during
peak hours leading less occupancy on parking lots.
The license plate or floating car data collection methods were used to determine the LOS
for the case study. Alternatively, estimating parking search time may be needed in a future
semester, perhaps as part of the inputs to determine the number of permits to put up for sale. Since
the problem is about a future scenario, simulation software may be used as the platform to develop
a model for the selected zone. The accuracy of the coded model can be validated against the field
data collected for the existing year. Then, a “what if” scenario may be evaluated with the help of
performing simulation runs. The average parking search time can be estimated and used to
determine future LOS.
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Appendix
Student Survey
The University of Texas at El Paso
Project: Sparkman: A Smart Parking Management Tool for University Campuses
Information and Consent
Introduction
Dr. Kelvin Cheu, Professor of Civil Engineering at The University of Texas at El Paso (UTEP) is
conducting a research project titled “Sparkman: A Smart Parking Management Tool for University
Campuses”. This objective of this project is to develop a tool called Sparkman to assist university parking
offices to better manage campus parking. Part of this project includes a survey to collect data to understand
students’ travel and parking choices. You have been requested by Dr. Cheu to participate in this survey
because you are a UTEP student. The survey consists of 12 questions, which will take approximately 10
minutes to answer. There is no cost or compensation for participating in this survey.
There is no risk associated with your participation in this survey.
Your participation in this survey is voluntary, and you may withdraw your participation at any time.
Confidentiality
You will not be asked to provide any personal identification and confidential information during the survey.
The research team plans to survey 500 students. The survey forms will be locked in a cabinet in Dr. Cheu’s
laboratory after the answers have been entered into a UTEP approved software. If you answer the online
version of this survey, the electronic data will automatically be stored by this UTEP approved software.
The electronic data files will be password protected. Only Dr. Cheu and Okan Gurbuz have access to the
data. Dr. Cheu and Okan Gurbuz will analyze the data to identify the frequently used factors that
contribute to a student’s decisions to buy a parking permit, and the type of permit (location of parking lot).
Dr. Cheu will share the aggregated survey findings as teaching materials, present in conferences, publish
in scholarly journals, Prospector, and media approved by University Communications. No individual
participant will be singled out in the analysis.
Contacts and Questions
If you have any question or feedback concerning with this survey, please feel free to ask Dr. Kelvin Cheu
( (915)747-5717, rcheu@utep.edu) or any assistant who is conducting the survey.
Statement of Consent
By writing “Yes” in the space below, you indicate that you have read this information and your questions
concerning this survey have been answered. Even after writing “Yes” below in this form, please know that
you may withdraw from the research at any time.
I consent to participate in this survey (Please write “Yes” or “No”):
Date:
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1. What is your classification?
o Freshman
o Sophomore
o Junior
o Senior
o Graduate
2. What is your student status?
o Full-time (more than 12 credits for undergraduates, 9 credits for graduates)

o

Part-time (less than 12 credits for undergraduates, 9 credits for graduates)

3. How do you travel to UTEP campus?
o I live in dormitory / I walk to campus
o I drive my car (drive alone or give someone a ride)
o Carpool (get a ride from someone or someone drop me off)
o I use public transportation (Sun Metro, Brio, streetcar etc.)
o I ride bicycle
o I ride motorcycle
o Others (please specify): ___________________
4. What type (color) of UTEP parking permit do you have?
o I do not have a parking permit
o Remote (green)
o Perimeter (blue)
o Silver
o Garage
o Others (please specify): ___________________
5. How early do you come to campus before your first class of the day?
o 0 to 15 minutes
o 15 to 30 minutes
o 30 to 45 minutes
o 45 minutes to 1 hour
o More than 1 hour
6. In a typical day last week, how do you go from your parked car, drop off point or bus stop to
the final destination (classroom, office, lab etc) on campus?
o Walking

o
o

Shuttle bus + walking
Bicycle
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Selection
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I park in a neighborhood near campus

I do not drive

Alternatives

7. Where do you park your car? Put a mark (circle) on the map or select one of the other alternatives
if you do not have a car on campus.

8. Select the location you stay most of the time while you are on campus? (Just one selection)
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9. If you are buying a parking permit right now, select the 3 most important factors that may
influence your decision to buy the type of your UTEP parking permit, and rank them from 1 to
3, with 1 being the most preferred. (Select only one 1, one 2, and one 3)

Importance

Factors

(1 = most important)

Cost of permit
Walking time to final destination
Time to take shuttle bus + walking to final destination
Protection of car from weather (e.g., shade)
Ease of entering from or exit to major highways ( I-10 or Mesa St.)

Ease of finding a parking spot
Others (please specify):

10. The following table lists the potential systems which may be combined to improve parking on
UTEP campus. Select the 3 systems which you prefer to have. Rank them from 1 to 3, with 1
being the most preferred. (Select only one 1, one 2, and one 3)
Your
Rank

Potential system

Explanation

Permit sales
Access control

Make permit sales year round and purchase as easy as
buying concert tickets or booking hotel rooms online.
Stricter control on who can enter the lots.

Flexible zone

Allowed one permit to park in multiple lots.

Lot availability information
Pay as you use

Display lot availability information to users. For example,
on smart phones or display boards.
Pay for only the time you park.

Dynamic pricing

Adjust the rate based on congestion level.

Parking spot reservation

Allow users to reserve parking spots prior to arrivals, like
reserve a table in a restaurant.
Provide more transportation options (e.g, bike share, bus,
carpool, scooters) that are integrated with parking.

Multimodal integration
Others (please specify):
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11. In a typical day of last week, after arriving at the UTEP parking lot which you have the permit
to park, how do you describe your effort in finding an empty spot?
o I did not drive, or I did not park on campus

o
o
o
o
o
o

Very easy (could find a spot to park immediately)
Easy (could find a spot to park after a short time)
Moderate (could find a spot to park after some time)
Difficult (could find a spot to park after a while)
Very difficult (could find a spot to park after a long time)
Extremely difficult (unacceptable)

12. Assuming that the effort to find a parking spot may be described by “A” to “E” Grades, with
“A” corresponds to very easy and “E” for very difficult. For each of the grades below, mark the
circle that in your opinion, represents the maximum duration (in minutes) for that grade.

Very Easy

Can find a spot to park immediately

A
Grade

Easy

Can find a spot to park after a short time

B
Grade

Moderate

Can find a spot to park after some time

C
Grade

Difficult

Can find a spot after a while

D
Grade

Very difficult

Can find a spot to park after a long time
(any time longer than this is unacceptable)

E
Grade
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Products of the Dissertation
Models and methodologies
Research question
1
2
3

Chapter
4
4
5
6
7
8
9
10

4
5
6

Models or Methodologies
Total demand model
Base price model
Zone price methodology
Survey
Zone demand model
Class schedule-based temporal zone demand estimation
LOS criteria
Case study

Presentations and publications
Research
question

Task

1 and 2

2

1 and 2

2

1, 2 and 3

2 and 3

6

7

6

7

Publication

Date

Center for Transportation, Environment and
Community Health (CTECH) Annual
Meeting (poster)
Transportation Research Board 2019
Annual Meeting (extended abstract)
Joint ITE International and Texas District
Meeting
Transportation Research Board 2020
Annual Meeting (poster)
Transportation Research Record (journal
paper)

Nov-2018

Presented

Jan-2019

Presented, published
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Jul-2019

Status

Presented

Jan-2020

Accepted

N/A

Accepted

Student Survey Infographics
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Software tool – SPARKMAN

122

Vita
Okan Gurbuz was born in Turkey. He finished his Bachelor`s degree in Civil Engineering
at Middle East Technical University –Turkey in 2008. He worked in one of Turkey`s largest oil
and gas company for 8 years as a project manager. During that period, he gained experience in
project management, scheduling and cost analysis of construction. Then, he moved to the United
States in 2016 and finished his Master`s degree in Construction Management program in one year
at the University of Texas at El Paso (UTEP). He also worked for Texas A&M Transportation
Institute El Paso branch as a Research Associate intern for the summer of 2017. Okan has been
working as a research assistant under the supervision of Dr. Kelvin Cheu in the Border Intermodal
Gateway (BIG) Lab at UTEP since August 2017. He also has been serving as President of the
Institute of Transportation Engineers (ITE) since August 2018.
Okan has been married for five years, having a baby girl named Ela who is 19 months old.
During his leisure times, Okan likes reading books, playing and watching tennis and spending time
with his family.
After graduation, Okan plans to continue his academic career as a post-doc, and ultimately
obtain a tenure-track faculty position. His research interests include transportation and traffic
engineering, namely focusing on parking and intelligent transportation systems.

Permanent address:

5890 Bandolero Dr. Apt #2071,
El Paso Texas, 79912

This thesis/dissertation was typed by Okan Gurbuz

123

